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@ Spiro piperidines and homologs which promote release of growth hormone. 

@ There are disclosed certain novel compounds Identified as spiro piperidines and homologs which 
promote tiie release of growth hormone in humans and animals. This property can be utilized to 
promote tiie growtti of food animals to render ttie production of edible meat products more efficient, 
and in humans, to treat physiological or medical conditions characterized by a deficiency in growth 
hcvmone secretion, such as short stature in growth hormone deficient children, and to treat medical 
conditions which are improved by the anabolic effects of growth homrione. Growth hormone releasing 
compositions containing such spiro compounds as the active Ingredient tiiereof are also disclosed. 
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BACKGROUND OF THE INVENTION 

Growth hormone, which is secreted from the pituitary, stimulates growth of all tissues of the t>ody that aiB 
capable of growing. In addition, growth hormone is Icnown to have the following tmsic effects on the metatiolic 
5 processes of the body: 

1. Increased rate of protein synthesis in all cells of the txxJy; 

2. Decreased rate of carbohydrate utilization in celts of the body; 

3. Increased mobilization of free fatty acids and use of fatty acids for energy. 

A deficiency in growth hormone secretion can result in various medical disorders, such as dwarf Ian. 

10 Various ways are known to release growth hormone. For example, chemicals such as arginine. L-3.4-di- 
hydroxy phenylalanine (L-DOPA)» glucagon, vasopressin, and insulin induced hypoglycemia, as well as acth/- 
ities such as sleep and exercise, indirectly cause growth hormone to be released from the pituitary by acting 
in some fashion on the hypothalamus perhaps either to decrease somatostatin secretion or to increase the 
seaetion of the known secretagogue growth hormone releasing factor (GRF) or an unknown endogenous 

15 growth hormone*releasing hormone or all of these. 

In cases where increased levels of growth hormone were desired, the problem was generally solved by 
providing exogenous growth hormone or by administering GRF or a peptidal compound which stimulated 
growth hormone productton and/or release. In either case the peptidyl nature of the compound necessitated 
that it be administered by injection. Initially the source of growth hormone was the extraction of the pituitary 

20 glands of cadavers. This resulted In a very expensive product and carried with it the risk that a disease asso- 
ciated with the source of the pituitary gland could be transmitted to the recipient of the growth hormone. Re- 
cently, recombinant growth hormone has become available which, while no longer carrying any risk of disease 
transmission, is still a very expensive product which must be given by Injectton or by a nasal spray. 

Other compounds have t>een developed which stimulate the release of endogenous growth hormone such 

25 as analogous peptidyl compounds related to GRF or the peptkies of U.S. Patent 4/411.890. These peptides, 
while considerably smaller than growth hormones are still susceptible to various proteases. As with rrast pep- 
tides, their potential for oral btoavailability Is low. The instant compounds are non-peptide analogs fbr promot- 
ing the release of growth hormone which are stable in a variety of phystologlcal environments and which may 
be administered parenterally, nasally or by the oral route. 

30 

SUMMARY OF THE INVENTION 

The Instant invention covers certain splro compounds whteh have the ability to stimulate the release of 
natural or endogenous growth homione. The compounds thus have the ability to be used to treat conditions 

3S which require the stimulation of growth hormone production or secretion such as in humans with a deficiency 
of natural growth hormone or in animals used for food production where the stimulatton of growth hormone 
will result in a larger, more productive animal. Thus, it is an object of the instant inventton to describe the spiro 
compounds. It is a further object of this invention to describe procedures for the preparatton of such conv 
pounds. A still further object Is to describe the use of such compounds to increase the secretion of growth hor- 

40 mono in huntans and animals. A still further object of this Invention Is to describe compositions containing the 
spiro compounds for the use of treating humans and animals so as to increase the level of growth hormone 
secretions. Further objects will become apparent from a reading of the following description. 

DESCRIPTION OF THE INVENTION 

45 

The novel spiro compounds of the Instant invention are best described in the following structural fbnmulas 
I and II: 
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Formula I Formula II 



Ri is Ct-Cio alkyl» aryl. aryl (Cr Ce alkyO and Cg-Cr cydoalkyl (Ci-Cealkyi) or Ci-CGalkyl-K-Ci-Cs alkyi, ary1(Co- 
25 C6alkylVK-(Ci-C5 atkyi), C3-C7 cycloalkylCCo-Cs alkyl)-K-(CrC6 alkyi) where K is O. 8(0)^. N(R2)C(0), 
C(0)N(R2), OC{0), C(0)0, or -CR2=CRr or -O-C- where the aryl groups are defined below and the R2 and 
alkyI groups may be f uther substituted by 1 to 9 halogen, S(0)mR2B, 1 to 3 ORia or C(0)0R2a and the aryl 
groups may t>e further substituted by phenyl, phenoxy, halophenyl, 1-3 Ce alkyI, 1 to 3 halogen, 1 to 2 OR2, 
methylenedioxy, S(0)„,R2. 1 to 2 CF3, OCF3. nitro. N(R2)(R2), N{R2)C(0)R2. C(0)0R2, C(0)N(R2)(R2), 
30 S02N(R2)(R2), N(R2)S(0)2 aryl or N(R2)S02R2; 

R2 is hydrogen, Ci-Ce alkyi, CrOj cydoalkyl, and where two CrCe alkyl groups are present on one atom, they 
may be optionally joined to form a Cj-Cs cydlc ring optionally induding oxygen, sulfur or NR2a; 
R2a is hydrogen or C^-Ce alkyi; 

Raa and Rzb are independently hydrogen, halogen, Ci-Ce alkyl, OR2, cyano, OCFs, methylenedioxy. nitro, 
35 S(0)|„R, CF3 or C(0)0R2 and when and R35 are In an ortho arrangement, they may be joined to form a Cs 

to Ce aliphatic or aromatic ring optionally induding 1 or 2 heteroatoms selected from oxygen, sulfur or nitrogen; 

R4 and Rs are Independently hydrogen, CpCe alkyl. substituted C^Cq alkyl where the substituents may t>e 1 

to 5 halo. 1 to 3 hydroxy, 1 to 3 C1-C10 alkanoyloxy. 1 to 3 Ci-Ce alkoxy, phenyl, phenoxy, 2-furyl, Ci-Ce al- 

koxycarbonyl, S(0)m(CrCe alkyl); or R4 and Re can be taken together to form -(CH2)rta (CKys. where U is 
40 C(R2)2. 0, S(0)m or N(R2), r and s are independently 1 to 3 and is as defined above; 

Re is hydrogen or Ci*Ce alkyl; 

A is: 

— (CH2)x-C— (CH2)y— 
R7a 

so 

or 

» — Z-(CH2)x-C— (CH2V— 

R7a 
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where x and y are independently 0-3; 
Z is N-R2 or O; 

R7 and Rra are independently hydrogen, CrCs alkyl, OR2. trifluoromethyl, phenyl, substituted C^-Ce alkyt 
where the substituents are imidazoiyi, phenyl, indolyl, p-hydroxyphenyl, OR2, 1 to 3 fluoro, S(0)mR2. C(0)0R2, 
5 CrCr cydoalkyi, N(R2)(R2), C(0)N(R2}(R2); or R7 and R7a can Independently be joined to one or both of R4 
and Rs groups to form alkylene bridges between the terminal nitrogen and the alky! portion of the R7 or R7Q 
groups, wherein the bridge contains 1 to 5 carbon atoms; 

B, D, E, and F are independently C(Re)(Rio)» O, C=0, 5(0)^, or NR9, such that one or two of B,D,E. or F may 
be optionally missing to provide a 5, 6, or 7 membered ring; and provided that 8, D, E and F can be C(Ra](Rio) 
10 or C=0 only when one of the remaining B, D, E and F groups is simultaneously O, S(0)m or NRg; B and D or 
D and E taken together may be N-CR^fr or CR|o=N or B and D or D and E taken together may be CRe=CRio 
provided one of the other of B and E or F is simultaneously O, S(OXn or NRe; 

Rfi and R,o are Independently hydrogen, R2. OR2, (CH2)q aryl. (CH^^ C(0)0R2. (CH2)q C<0)0(CH2)q aryl or 
(CH2)q (1H-tetrazol-5-yl) and the aryl may be optionally substituted by 1 to 3 halo, 1 to 2 Ci-Ca alkyi, 1 to 3 

15 OR2 or 1 to 2 C(0)0R2; 

Re is R2. {CH2)q aryl, C(0)R2. C(0)(CH2)q aryl, SO2R2. S02(CH2)q aryl, C(0)N(R2)(R2). C(0)N(R2)(CH2)q aryl, 
C(0)0R2, l-H.tetrazd-5-yl, SO3H, SOjNHCsN. S02N(R2)aryl. S02N{R2)(R2) and the (CHa), may be optionally 
substituted by 1 to 2 Ci-C^ alkyI, and the R2 and aryl may be opttonalty further substituted by 1 to 3 OR2B, 
0(CH2)q aryl, 1 to 2 C(0)0R2b. 1 to 2 C(0)0(CH2)q aryl, 1 to 2 C(0)N(R2a)(R2j. 1 to 2 C(0)N(R2a)(CH2)q 

20 aryl, 1 to 5 halogen, 1 to 3 C^-C^ alkyI, 1,2,4-triazolyl, 1-H-tetrazol-5-yl, C(0)NHS02R2a. S(0)n)R2a. 
C(0)NHS02{CH2)q aryl, SOjNHCfeN. SO2NHC(0)R2a. S02NHC(0)(CH2)qaryl. N(R2)C(0)N(R2a)(R2a). 

N(R2a)C(0)N(R2a)(CH2)q aryl. N(R2a)(R2a). N{R2a)C(0)R2e. N(R2a)C(0)(CH2)q aryl, OC(0)N(R2a)(R2a)» 

OC(0)N(R2.)(CH2)q aryl; S02(CH2)qCONH-(CH2)wNHC(0)R|i, where w Is 2-6 and R^, may be btotin, aryl. or 
aryl substituted by 1 or 2 OR2, 1-2 halogen, azido or nitro; 
2S m is 0, 1 or 2; 
nis 1 or 2; 

q can optionally be 0, 1. 2, 3, or 4; and 

G, H. I and J are carbon, nitrogen, sulfur or oxygen atoms, such that at least one is a heteroatom and one of 
G, H, I or J may be optionally missing to afford 5 or 6 membered heterocyclic aromatic rings; and pharmaoeut- 
30 ically acceptable salts and individual diastereomers thereof. 

In the above structural fonmulas and throughout the Instant specification, the following terms have the In- 
dicated meanings: 

The alkyI groups specified above are Intended to include those alkyI groups of the designated length In 
either a straight or branched configuration which may optk>naily contain double or triple bonds. Exemplary of 
35 such alkyI groups are methyl, ethyl, propyl, ethinyl, isopropyl, butyl, sec-butyl, tertiary txjtyl. pentyl, Isopentyl, 
hexyl, isohexyl, allyl. propenyl, butenyl, butadienyl and the like. 

The alkoxy groups specified above are intended to include those alkoxy groups of the designated length 
In either a straight or branched configuration which may optionally contain double or triple bonds. Exemplary 
of such alkoxy groups are methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, tertiary butoxy, pentoxy, 
40 isopentoxy, hexoxy, isohexoxy allyioxy, propinyloxy, isobutenyloxy, 2-hex6nyloxy, and the like. 

The term "halogen" is intended to include the halogen atom fluorine, chlorine, bromine and iodine. 
The term "aryl" is intended to include phenyl and naphthyl and aromatic residues of 5- and 6- membered 
rings with 1 to 3 heteroatoms or fused 5 or 6 membered bteydic rings with 1 to 3 heteroatoms of nitrogen, sulfur 
or oxygen. Examples of such heterocyclic aromatk: rings are pyridine, thiophene, benzothiophene, tetrazole, 
45 indole. N-methylindole, dihydroindde, indazole. N-formylindole. benzimidazole, thiazde, furan. pyrimMine. 
and thiadiazole. 

Certain of the above defined terms may occur more than once in the above formula and upon such oc- 
currence each term shall be defined Independently of the other. 
Preferred compounds of the Instant invention are: 

50 
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Formula III 



where R, is CrC,o alkyi, aryl (CrC4 alkyl). Cs-Ce cycloalkyi (C1-C4 alkyi), (C1-C4 alkyl>-K-(CrC4 alkyi), aryl(C(r 
C5alkyl>-K-(CfC4 aJkyi), (CVCyCydoalkylMCo-Cs ancyl)-K-(Ci-C4aIkyl) where K Is O, S{OU. -CR2=CRr. -CeC-. or 
N(R2)C{0) where R2 and the alkyi groups may be further substituted by 1 to 7 halogen, S(0),„CrC4 alkyi. ORja 
or C(0)OR2a and the aryt groups may be further substituted by 1-2 Ct-C4 afkyt. 1 to 2 halogen. 1 to 2 OR2. 
CF3. OCF3. methylenedtoxy, S(0)„R2. SOjNiRjjCRz). N(R2)S02R2 or C(0)0R2; 

R2 is hydrogen. Ci-Cq alkyl. Cs-Crcycioalkyl. and, if two Ca alkyI groups are present on one atom, they may 
be opttonally Joined to form a C4-C^ cyclic ring opttonally Including 1 to 2 heteroatoms selected from oxygen, 
sulfur or NRsa; 

Rsa Is hydrogen orci-Ce alkyI; 

Rsa and R^t, are independently hydmgen. halogen, CrC4 alkyl. OR2, methytenedioxy, nitio. S(0)mCrC4alkyl. 
CF3orC(0)OR2; 

R4 and R5 are Independently hydrogen, Ci-Ce alkyl. substituted CrCe alkyI where the substituents may be 1 

to 5 halo. 1 to 2 hydroxy. 1 to 2 Ci-Ce alkanoyloxy. 1 to 2 CrCs alkytoxy or S(0)m(CrC4 alkyl); 

Ais: 



•(CH2)-C— (CHgV- 
R7a 



or 



9' 

-N{R2)-(CH2)x -C — (CH2)y— 



"7a 

where x and y, are Independently 0, 1. or 2; 

R7 and Rra are independently hydrogen, CrC4 alkyl, substituted CrC4 alkyl where the substituents are from 
1 to 3 f luoro or tnUdazolyl. phenyl, indolyl, S(0)mCrC4alkyl. C(0)0R2 or R7 and R7a can Independently be Joined 
to one or both of the R4 and Re groups to form alkylene bridges between the teminal nitrogen and the alkyl 
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portion of the Rj or Rj^ groups, wherein the bridge contains 1 to 3 carbon atonw; 

B, D and F are independently C(Rfl)(Rio). 0, C^, S(0)m or NR9 such that one of B, D or F may be optionally 
missing to provide a 5 or 6 membered ring and provided that one of B, D and F is C(Ra)(Rio) or C=0 only when 
one of the remaining B, D and F groups is simultaneously O, S(OXn or NRei 
5 Ra and Rio are independently hydrogen, R2. OR2. {CH^^ aryl, (CH2)qC(0)OR2, (CH2)qC(0)0(CH2)q aryl, 
(CH2)q(1H-tetrazol-5-yl) and the aryl may be optionally substituted by 1 to 3 halo, 1 to 2 C1-C4 alkyl, 1 to 3 
OR2 or 1 to 2 C(0)0R2; 

Re is R2, (CH2)q aryl. C(0)R2. C(0)(CH2)q aryl, SO2R2. S02(CH2)q aryl. C(0)N(R2)(R2). C<0)N(R2)(CH2X, aryl. 

1-H-tetrazolyt-5-yl, S02NHC^, SO2NR2 aryl. S02N(R2)(R2) and the {CH^^ may be optionally substituted by 
10 1 to 2 C1-C2 alkyi and the R2 may be optionally substituted by 1 to 2 0R2a. 0{CH2)q aryl. 1 to 2 C(0)0R2a. 

C(0)N(R2a)(R2a)» S(0),„R2a. 1-H-telra20l-5-yl. C(0)NHS02R2a. C(0)NHSO2(CH2)q aryl. N(R2a)C(0)N(R2a){R2a) 

or N(R2a)C(0)N(R2a)(CH2}q aryl and the aryl may be optionally substituted by 1 to 2 0R2a. 1 to 2 halogen. 1 to 

2 C1-C4 alkyI, C(0)0R2a or 1-H-tetrazol-5-yl; S02(CH2)w CONM(CH2)«r NHC(0)R|i, where w = 2-6 and R^ may 

be biotin, aryl. or aryl substituted by 1 or 2 OR2. 1-2 halogen, azido or nitro; 
IS mis 0,1. or 2; 

q can optionally be 0, 1, 2 or 3; and 

the aryl group is phenyl, napthyl. pyridyl. thienyl, Indolyl, thiazolyl or pyrimkJinyl. 
and the phanmaceutlcally acceptable salts and individual diastereomers thereof. 

Still further preferred compounds are realized when F is not present in Compound III. 
20 Thus, further prefenned compounds of the instant invention are realized In structural formula IV. 

H H R. 
Ri-C-N-C— A — K 

O "5 



so 



35 



c=o 



40 



25 




IV 



Ri is CrCio alkyI, aryl (C1-C4 alkyI), C^Cecycloalkyl (CrC4 alkyI) or (C^O^ alkyl)-K-Ci-C2alkyl-. aryl(Co- 
C2alkyl)-K-(Ci-C2 alkyI), Cg-CecydoalkyI ((VC2alkyl)-K-(CrC2aikyl). where K Is O or 8(0)^, and the aryl 
groups may be further substituted by 1 to 2 Ci-C4 alkyl. 1 to 2 halogen. OR2, C(0}0R2. CF3 or S(0)mR2; 
R2 is hydrogen. .Ct-C4 alkyl, cydo Cs-Csalkyl, and. if two CrC4 alkyls are present on one atom, they may be 
45 optionally joined to form a Cs-Ce cyclic ring optionally Including the heteroatonris oxygen or NRtq; 
R2a Is hydrogen or C1-C4 alkyl; 

Raa and Rab are independently hydrogen, halogen, C1-C4 alkyl. C(0)0R2, hydroxy, Ct-C4 alkoxy, S(0)mCi-C4 
alkyl or CFa; 

R4 and Re are independently hydrogen. Ct-C4 alkyl, substituted CrC4 alkyl where the substituents may be 1 
50 to 2 hydroxy or S(0)„ (CrCsalkyl); 
A Is: 

« — (CH2)x-C— 

R7a 
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where x is 0 or 1; 

R7 and are independently hydrogen, C1-C3 alkyi; or R7 and Rj^ can independently be joined to one or both 
of the R4 and R5 groups to form alkylene bridges between the terminal nitrogen and the alkyI portion of the R7 
or R73 groups to form 5 or 6 membered rings cx)nlalnlng the terminal nitrogen; 

B and D are independently C(Re)(Rio). C=0, 0. S(0)„, NR9 provided that one of B and D can be C(RaMRio) or 
C=0 only when the other of B and D is O. S(0)m or NR©; 

Re and R^o are independently hydrogen. R2 or (CHj)^ aryl. and the aryl may be optionally substHuted by 1 to 
2 of halo, 1 to 2 C1-C4 alkyl. OR2 or 1 to 2 C(0)OR2: 

Rs is C(0)R2. qoXCHa), aryl. SO2R2. SOCCHj), aryl. C(0)N(R2)(R2). C(0)N{R2){CH2), aryl and the (CH2), may 
be optionally substituted by 1 to 2 d-Cj alkyI and the Rj may be optk)nally substituted by 1 to 2 of ORja. 
0(CH2)q aryl. C(0)0R2„ C(0)N(R23(R2a). S(0)mR2., l-H-tetrazol-S-yl. C(0)NHS02R2a, or 
N(R2a)C(0)N(R2a)(R2a) and the aryl may optionally be substituted by 1 to 2 0R2ai 1 to 2 halogen, 1 to 2 C,-C2 
aikyl. C(0)0R2a. l-H-tetrazol-S-yl or S(0)mR2a; 

S02{CH2)pCX)NH(CH2)wNHC(0)R„ where w = 2-6 and R^, may optionally be biotin. aryl. and an aryl be op- 
tionally substituted by 1 to 2 OR,, 1-2 halogen, azido, nitro; 
m is 0, 1 or 2; 

q can opttonally be 0, 1 . 2 or 3; 

aryl is phenyl, napthyl. pyridyl. indolyl, thienyl or tetrazdyl and the pharmaceutically acceptable salts and in- 
dividual diastereomers thereof. 

Most prefeired compounds of the instant invention are realized in structural formula V. 



Riis 
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F-Zy-CHaCHaCHg; 



Raa is H. fluoro; 

D is O, S. S(0)^, N(R2), NS02(R2). NS02(CH2)taryl, NC(0)(R2), NS02(CH2)qOH, NSQzCCHJqCOORa. N- 
S02(CH2)qC(0).N(R2)(R2). N-S02(CH2),qO).N(R2)(CH2)wOH, 



O 




N-NH 
N-S02(CH2)q— (/ I 

N=N 



and the aryl is phenyl or pyridyt and the phenyl may be sut»titiited by 1-2 halogen; 
R2lsH.CrC4alkyl; 

m = 1.2; 
t Is 0.1.2: 
q is 1.2, 3; 
w is 2-6; 

and the phanmaoeutically acceptable salts and indh/idual dtastereonners thereof. 

Representathfe most preferred growth hormone releasing compounds of the present invention Include the 
following: 

1. N-[1(R)-[(1.2-D)hydro-1-methanesulfbnylspiroI3H-indole-3,4'^iperidmhr-y^ 
yl)ethyl]-2-amino-2-methyt propanamlde 

2. N-[1 (R)-[(1 .2-Dihydn>-1 -methanecarbonylspiro[3H-lndole-3,4'-plperidin]-1*-yl)carbonyl]-2-(1 H-indol-3- 
yl)ethyl]-2-amino-2-methylpropanamide 

3. N-[1(RH(1.2-Dihydro-1-benzenesulfonylspiro[3H-indde'3.4'-pipeHdin>r-yl)carbonyl^2-(1H-i 
yl)ethyt)-2-amino-2-methylpropanamide 

4. N-[1(RH(3.4-Dlhydro-splro[2H-1-benzopyran-2.4'-plperidin]-r-yl) carfoonyi]-2(1 H-indol-d-yl)ethyll-2- 
amino-2-m6thylpropanamide 

5. N-[1(R>-[(2-Acetyl-1^.3.4-t6trahydro8pirorisoquinolln-4.4*-piperidin)-V-yOcarfoo^^ 
hyl]-2-amlno-2-methylpropanamlde 

6. N^1(RH(1*2-Dlhydro-1-methanesulf6nylsplro[3H-lndole-3,4'-piperldln]-1'-yO cart>onyl]-2-(phenylme- 
thyloxy)ethyf)-2-amlno-2-methytpropanamide 

7. N-{1(R>-[(1.2-DihydrD-1-methanesulfonylspiro[3H-indole-3,4'-ptperidln}-V-yt) carbonyl]-2-(phenylme- 
thyloxy)ethyl}-2*amino-2<methylpropanamide mesylate salt 

8. N-[1(R)-[(1.2-Dihydro.1-methane8ulfonylspiro[3H-lndole-3.4'-piperidtn]-1'-yl)car^^ 
ophenylmethytoxy)ethy1]-2-amino-2-methyl propanamlde 

8 
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9. N-[1(R).U1.2-Dlhydro-1-methanesulfonyl-5.fluorospiro[3H-indole-3,4'.pip^^^ 
(phenylmethytoxy)ethyl]-2-amino-2-methylpropanainlde 

1 0. N-[1 (S)-I(1 ,2-Dihydn>-1-methanesulfonylsprro[3H-lndole-3,4 -plperidin]-1 '-yl) cart)onyll-2-(pheny!me- 
thy1thio)ethyl}-2-amino-2-methy1propanamide 

11. N*[1(RH(1,2-Dihydro-1-m8thanesulfonylspiro[3H-indole-3.4 *piperkli^^ carbonyl}-3-phenylpro- 
pyt]-2-amino-2-methylpropanamfde 

12. N^1(R)-[(1»2-Dihydro-1-methanesulfonylspl^o[3H-indol©-3,4^piperidln]-r-yl)ra^ 
propyl]-2-amino-2-methytpropanamide 

1 3. N-[1 (RH(1 ,2-Dihydra- 1-methanesulfonylspiro[3H-indole-3,4 -pipendinhl '-yl) carbonyl]-4-phenyibu- 
tyl}-2-aniinc>-2-methylpropanamide 

14. N-(1(RH(1,2-Dlhydro-1-rnethanesulfonylspiro[3H-lndolo-3,4-piperidlnl-r-y1) carbonyll-2-(5-fluoro- 
1H-lndoU3-yl)ethyl]-2-amino-2-methylpropanamide 

15. N^1(RH(1,2-Dihydro-1-methanesulfonyl-6-fluorosplro[3H-lndole-3,4-plperi^ 
fiuoro-1H-indol-3-yl)ethyl]-2-amino-2-methylpropanamide 

16. N>[1 (R)-[(1 ,2>Dihydro-1-(2-ethoxycart>onyl)rnethylsulfonytspiro-[3H-indole-3.4 -pi^^ 
nyi]-2-(1H-mdol-3-yl)ethyl)-2-amino-2-nn8thytpropanamide 

17. N-[1(R)-[(1.2-Dihydro-1JdiQxospiro[3H-benzothiophene-3,4'-piperidin]-^ 
thyloxy)ethyl}-2-amino-2-methylpropanamide 

and pharmaceutically acceptable salts thereof. 

Representative examples of the nomendature employed are given below: 




^4-[1(RH(3AD^hydIO-4-oxospiro{2H-1-benzopyran>2,4'i>ipe^idi^^ 
prepanamlda 




\N-(1 (SH(1 >Dmydro-1-nrwthanesuHbnylspiropH-indole-3,4'-piperkjinKr^^ 
2-amino-2-methylpropanamide 

9 
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10 




N-S02-CH3 



IS 

N-[1(RH(1,2-Dlhydro-1-methanesulfonylspiro[3HMndole-3,4-piperidin}-V-yl)c^^ 
ethy1}-2-ammo-2>methylpropanamide 

Throughout the instant application, the following abbreviations are used with the following meanings: 
BOC t-butyloxycarbonyl 

BOP BenzotriazoM -yloxy tris/diniethylanriino)-phosphon(um haxaf luorophosphate 
CBZ Benzyloxycarbonyl 
Dec Dicyclohexylcart>odilmide 
DMF N,N-dlmethytfonnnamide 

EDO 1-(3-dimethylaininopropyl)-3-ethylcart>odlimide hydrochloride 
FAB*MS Fast atom bombardment-mass spectroscopy 
CHRP Growth hormone releasing peptide 
HOBT Hydroxybenztnazde 
LAN Lithium aluminum hydride 
HPLC High pressure liquid chromatography 
MHz Megahertz 

MPLC Medium pressure liquid chromatography 
NMM Nl-Methylmorphollne 
NMR Nuclear Magnetic Resonance 
OXONE Potassium peroxy monosulfate 
PLC Preparative layer chromatography 
PCC Pyridinium chiorochromate 
Ser Serine 
TFA Trif luoroacetic acid 
THF Tetrahydrofuran 
40 TLC Thin layer chromatography 
TMS Tetramethylstlane 

The compounds of the instant Invention all have at least one asymmetric center as noted by the asterisk 
in the structural Formulas I and II above. Additional asymmetric centers may be present on the molecule de- 
pending upon the nature of the various substituents on the molecule. Each such asymmetric center will pn>- 
45 duce two optical isomers and it is intended that ail such optical isomers, as separated, pure or partially purified 
optical isomers, racemic mixtures or diastereomeric mixtures thereof, be induded within the ambit of the Instant 
invention. In the case of the asymmetric center represented by the asterisk In Formula I and 11. it has been 
found that the absolute stereochemistry of the more active and thus more preferred Isomers are as shown In 
Formula la. With the R2 substituent as hydrogen, the special configuration of the asymmetric center oorre- 
60 sponds to that In a D-amino acid. In most cases this is also designated an R-conf iguration although this will 
vary according to the values of Ri and R2 used in making R- or S stereochemical assignments. 
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20 The instant compounds are generally isolated In the form of their pharmaceutically acceptable add addition 
salts, such as the salts derived from using inorganic and organic acids. Examples of such adds are hydro- 
chloric, nitric sulfuric, phosphoric, formic, acetic, trif luoroacetic, propionic, maleic. sucdnic, malonic, methane 
sulfonic and the lilce. In addition, certain compounds containing an acidic function such as a cartxucy can t>e 
Isolated in the form of their inorganic salt in which the counterion can be selected from sodium, potassium, 
26 lithium, caldum, magnesium and the Nice, as we!) as from organic bases. 

The preparation of compounds I and II of the present invention can be carrtod out in sequential or conver- 
gent synthetic routes. Syntheses detal ling the preparation of the compounds of Formula I and 11 in a sequential 
manner are presented in the following reaction schemes. 

The protected amino acid derivatives 1 are, in many cases, commerdally available where the protecting 
30 group L is, for example, BOC or CBZ groups. Other protected amino add derivatives 1 can be prepared by 
literature methods. Many of the spiro piperidtnes and spiroazepines (n82) of formula 2 and 2a are known in 
the literature and can be derivatized on the phenyl or heteroaryt by standard means, such as halogenation. 
nitration, sulfonylation, etc. Alternatively, various phenyl or heteroaryt substituted spiro piperidines and spir- 
oazepines (n=2} can be prepared following literature methods using derivatized phenyl and heteraryl Intermedi- 
ns ates. In Schemes subsequent to Scheme I, the synthetic methods are lllustFatad only with splropiperidlnes al- 
though it will be appreciated by those skilled in the art that the illustrated transformations can also be carried 
out in the higher homotog series to afford compounds of Formulas I and II with n=2. 

Intermediates of formulas 3 and 3a can be synthesized as described in Scheme 1. Coupling of spiro pi- 
peridines of formula 2 and 2a to protected amino adds of formula 1, wherein L is a suitable protecting group, 
40 is conveniently carried out In an inert solvent such as dichloromethane by a coupling reagent such as DCC or 
EDC in the presence of HOBT. Alternatively, the coupling can also be effected with a coupling reagent such 
as BOP in an inert soh^ent such as dichloromethane. Separation of unwanted side products, and purification 
of intermediates is achieved by chromatography on silica gel, employing flash chromatography (W. C. Still, M. 
Kahn. and A Mitra J. Org. Chem. 1978, 43, 2923), MPL.C or preparative TLC. 

45 
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SCHEME 1 




Conversion of 3 and 3a to intermediates 4 and 4a can be carried out as Illustrated In Schmne 2. Renrtova) 
of benzytoxycartwnyl groups can be achieved by a nunriber of methods known in the art; for example, catalytic 
hydrogenation with hydrogen In the presence of palladium or platinum catalyst in a protic sohrant such as me- 
thanol. In cases where catalytic hydrogenation is contraindicated by the presence of other potentially reactive 
40 functionality, removal of benzytoxy carbonyl groups can also be achieved by treatment with a solution of hy- 
drogen bromide in acetic acid. Removal of BOC protecting groups is carried out in a solvent such as methylene 
chlorMe or methanol, with a strong add, such as hydrochloric acid or trifluoroacetic acid. Conditions required 
to remove other protecting groups which may be present can be found In Greene, T; Wuts, P.G.M. PmtecUve 
Groups in Organic Synthesis , John Wiley & Sons. Inc., New York, NY 1991. 

45 
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30 



38 




Removal of 
Protecting Group 





3a 




Intennedlates of formula 5 and 5b, wherein A is a methylene or a substituted methylene group, can be 
40 prepared as shown in Schenie 3 by coupling of intermediates of formula 4 and 4a to amino acids of formula 6, 
once again, in an inert solvent such as dichloromethane by a coupling reagent such as EDC or DCC in the 
presence of HOBT. These amino acids 6 are known amino acids or amino acids readily synthesized by methods 
known to those skilled In the art Alternatively^ the coupling can also be effected with a coupling reagent such 
as BOP In an inert sohrent such as dichloromethane. Also if R4 or R5 is a hydrogen then amino adds of formula 
45 7 are employed in the coupling reaction, wherein L is a protecting group as defined above, to give 5a and Sc. 
Deprotectton of 5a and 5e (L = protecting greup) can be carried out under conditions known In the art 
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R, Rfi O R . 
R,— |-N-C-A-N 

CO Rs or L 



3a R4 

HOOC-A-N-R5 ^"^-iJ^ 



6 
OR 





R4 



R2 ReO 



HOOC-A-N-L 

7 go RjOrL 

6 




4a "3b 



Compounds of formula I and II wherein R4 and/or is a hydrogen can be further elaborated to new cono- 
pounds I and II (preferred side chain R7 = CH2-CH(OH)-CH2X, wherein X = H or OH) which are substituted on 
the amino group as depicted in Schenie 4. Reductive aminatton of I and II with an aldehyde is carried out under 
conditions known in the art for example, by catalytic hydrogenatlon with hydrogen In the presence of platinum^ 
palladium, or nickel catalysts or with chemteal reducing agents such as sodium cyanoborohydride In an inert 
solvent such as methanol or ethanol. Alternatively, a similar transformation can be accomplished via an ep- 
oxide opening reaction. 
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•p2 

R,— |-W-C-A-N 




R2 Re O 

i*^ 1" II ! * 
Ri— I-N-C-A-N 

CO R5 



Rsb 

I R4 and/or R5BH 



or Epoxide 
opening 




I 




where R4 and/or R5 is C1-C6 
alM or substituted allcyl 



I II ,"4 

Ri— |-N-C-A-N, 



Rab 

II R4 and/or RgzrH 




II 



where R4 and/or R5 is C1-C6 
aJl^i or substituted alkyi 



Compounds of formula I and II, wherein A la N(R2)>(CH2)z-C(R7)(R7a)-(CH2)y, can be prepared as shown 
in Scheme 5 by reacting 4 or 4a with reagents 8, wherein X is a good leaving group such as CI, Br, I. imidazole. 
Alternatively, 4 and 4a can be reacted with an isocyanate of formula 9 In an Inert solvent such as 1,2-dlchlorD- 
ethane. If R4 or Rg is hydrogen in the final product, the reagents 8 and 9 will bear a removable pretecting group 
L In place of R4 or Rg. 
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Ri— |-N-H 
9° 




35 

The compounds I and II of the present invention can also be prepared in a convergent nianner as described 
in reaction schemes 6, 7 and 8. 

The protected amino add derivatives 10 are. in many cases, commercialiy avaiiabte where M = methyl, 
ethyl, or benzyl esters. Other ester protected amino acids can be prepared by classical methods familiar to 
40 those skilled in the art Some of these methods include the reaction of a protected amino add with a diazoalk* 
ane and removal of a protecting group L, the reaction of an amino acid with an appropriate aloohd in the pres- 
ence a strong acid tike hydrochloric ackl or p-to!uenesulfonic add. Synthetic routes for the preparatton of new 
amino ackls are described in Schemes 14. 15. and 16. 

Intenmediates of fomfiula 11 and 11a, can be prepared as shown in Scheme 6 by coupling of amines 10 to 
45 amino acids 6 and/or 7, wherein L Is a protecting group, as described above In Scheme 3. When a urea linkage 
is present in 11 or 11a, It can be introduced as illustrated in Scheme 5. 
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92^6 

R,— |-N-H 
COOM 
10 



R4 

HOOC'A-N-Rg 
6 

+ OR 

HCX)C-A-N-L 
7 



Ro Rfi O 
I ^ I II I * 

Ri— |— N-C-A-NH=»5 
COOM 

11 

R,— |— N-C-A-N-L 
COOM 
11a 



20 



25 



Conversion of the ester 11 or 11a to intermediate acids 12 or 12a can t>e achieved by a numtwrof methods 
l(nown in the art as descrit}ed in Scheme 7; for example, nrwthyl and ethyt esters can t>e hydrolyzed with lithium . 
hydroxide in a protic solvent like aqueous methanol. In addition, removal of benzyl group can be accomplished 
by a number of reductive methods including hydrogenation in the presence of platinum or palladium catalyst 
in a protic solvent such as methand. 

An allyl ester can be deaved with tetrakls-triphenylphosphine palladium catalyst In the presence of 2-ethyl- 
hexanolc acid in a variety of solvents including ethyl acetate and dichloromethane (see J. Org, Ctwm. 1982, 
42, 587). 



SO 



35 



RzPeO R4 
R,— j-N-C-A-N-Rj 
COOM 

11 
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Ri-f- 



•j'4 



2?8 0 
I II 

N-C-A-N-Rs 
COOH 

12 



RoRrO R^ RoRrO R4 

Ri— [-N-C-A-N-L R,— l-N-C-A-N-L 
COOM COOH 
11a 12a 

45 

Acid 12 or 12a can then be elaborated to 5 & 5a and 5b & 5c as described in Scheme 8. Coupling of spiro 
piperidines of fbnmula 2 and 2a to acids of formula 12 or 12a, wherein L Is a suitable protecting group, is con- 
veniently earned out in an Inert solvent such as dichloromethane by a coupling reagent such as dicylohexyt 
carbodiimide (DCC) or EDC in the presence of 1-hydroxybenztriazole (HOBT). Alternatively, the coupling can 
so also be effected wfth a coupling reagent such as benzotrlazol-l-yloxytris(dimethylamino) phosphonlum hex- 
afluorophosphate (°BOP*) in an inert solvent such as dichloromethane. Transfbmnation of 5a & 5c to I and II 
Is achieved by removal of the protecting group L When R4 and/or Rt is H, substituted alkyi groups may be 
optionally added to the nitrogen atom as described In Scheme 4. 

85 
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I I "» II Pa 
N-C-A-N 

CO RsOrL 



Ri-f-N-C-A-N-Rg E— f ^ 
COOH ^1=/ 



12 2 

+■ 



Ri— |-N-C-A-N-L 




COOH ><^ CO RsorL 

12a 



5b and 5c 



The preparation of o^qrgenated spiroindanyl piperidine intermediates is illustrated in scheme 9 in which 
Rji and are ttoth hydrogens. Hydroboration of the protected spiroindene 13 followed by oxidative workup 
with pyridinium chlorochromate provides the ^iroindanone 14. 

SCHEME 9 




1.9 BBN 
2. PCC 




13 



14 



Conversion of splroindanes intottenzoiactam intermediates is Illustrated in Scheme 10. The treatment of 
the spiroindanone with hydrazoic add in an inert solvent such as chiorofbim (Schmidt reaction) is one of the 
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many suitable literature methods for this transformation. A mixture of two benzdactams Is formed in this ex- 
ample. The Isomers are easily separated by chromatography on silica gel. These intermediates can then be 
deprotected and incorporated into growth hormone secretagogues as depicted in Schemes 1 and 6 utilizing 
generic intermediate 2. 

SCHEMg 10 



10 



IS 




^14 15 16 

Alkytatlon of 15 and 16 with an allcyl haiide in a solvent such as DMF in the presence of NaH afford 17 
and18(R2»Ci-C4alkyl). 

25 

SCHEME 1QA 
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35 

15 or 



40 




When L is an appropiate protecting group such as a benzyl group the amides can be reduced with lithium 
aluminum hydride to provide the amines 19 and 21. These anrunes where R2=H can then be alkylated, arylated, 
45 acylated. or reacted with substituted sulfonyl halMes or isocyanates employing conditions known to those skil- 
led in the art to afford compounds 20 and 22. Removal of the protecting group (L) by hydrogenolysis using a 
palladium catalyst provides intermediates that can be Incorporated into the secretagogues of this inventk>n us- 
ing the chemistry illustrated in Schemes 1 and 8 shown above which utilize generic intermediate 2. 
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21 22 

16 

Alternatively, the 1,2,3,4-tetrahydrospironsoquinolln-4»4'-piperidine] ring system can be prepaiBd as out- 
lined in Scheme 12. The ozondysis of the protected spiroindene followed by dimethyl sulfide treatment gives 
a hemiacetal intermediate 24 which under reductive amination and acytation conditions provides amine 25. 
The amino protecting group (L) has been defined above. 
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The ring analogs of formula 26, where X. Y is H.H; OH.H; H.OH; and =0 may be prepared by methods 
25 described in the IHarature and known to those skilled in the art For example, as illustrated In Scheme 13, the 
spiro|2H-1-t>enzopyrBn-2,4 -piperidine] analog can be prepared from a substituted or unsubstituted 2-hydrox- 
yacetophenone and a properly protected 4-p!peridone as described by Kabbe, H. J. Synthesis 1978 , 886-887 
and references cited therein. The 2-hydroxyacetophenones, in turn, are either conrunerclally available or can 
be prepared by routes in the literature known to those skilled in the art Such methods are described by Chang, 
30 C. T et al, in J. Am. Chem. Soc, 1961. 3414-3417. and by Elltott. J. M. et al. in J. Med. Chem. 1992 , 35, 3973- 
3976. Removal of the protecting greup as described in: Protective Groups in Organic Synthesis, Greene, T. 
W., Wuts, P. G.. John Wiley & sons, New Yoric, 1991, and Olofson, RA et al, J. Org. Chem. 1984, 49, 2081- 
2082, provkies the amine which then can be incorporated into a growth honnone secretagogue via the chem- 
istry detailed in Schemes 1 and 8 shown above which utilize generic intermediate 2. 

35 
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SCHEME 13 fCOhfT'D) 




1) HCI 

2) H2, Pd/C 




The ketone functionality in compounds of general structure 27 may t>e reduced to an alcohol using sodium 
borohydride or nfiay be fully reduced to a methylene also employing conditions known to those skilled in the 
art. For example, reduction of the ketone with sodium borohydride, followed by treatnwnt with concentrated 
hydrochloric acid and hydrogenatlon yield compounds with general structure 29. The amine of structure 27, 
28, or 29 can then be incorporated into a growth honnone secretagogue via the chemistry detailed In Schemes 
1 and 8 utilizing generic formula 2. Alternatively, the ketone can often be reduced after Incoiporation into the 
compounds of Formula I. 



22 



EP 0 615 977 A1 



Preparation of chtral hydroxyspiro[2H-1-benzopyran-2,4'-piperidine] analogs can be achieved using opth 
cally active reducing agents and the crystallization of diastereomeric salts. 

The compounds of formulas I and II of the present invention are prepared from a variety of substituted 
natural and unnatural amino adds such as those of formulas 30 and 6 and 7 where A is -(CH2)rC(R7)(R7ah 
5 (CH2)y-. The preparation of many of these acids has been described in the US patent 6206237. 

The preparation of these intermediates in racemic form is accomplished by classical methods familiar to 
those skilled in the art (Williams, R. M. 'Synthesis of Optically Active a-Amino Acids' Petgatnon Press: Oxford, 
1989; Vol. 7). Several methods exist to resolve (DL)- 



amino acids. One of the common methods is to resolve amino or cart>oxyl protected intermediates by crystal- 

20 lizatlon of salts derived from optically active acids or amines. Alternatively, the amino group of cartx>xyl pro- 
tected intermediates can be coupled to optically active acids by using chemistry described earlier Separation 
of the rndn^dual diastereomers either by chromatographic techniques or by crystallization followed by hydroly- 
sis of the chlral amide furnishes resoh^ed amino acids. Similarly, amino protected intermediates can be con- 
verted to a mbcture of chiral diastereomeric esters and amides. Separation of the mixture using methods de- 

25 scribed above and hydrolysis of the indhridual diastereomers provides (D) and (L) amino adds. Finally, an en- 
zymatic method to resolve N-acetyl derivatives of (DL)-amino adds has been reported by Whitesldes and oow- 
oricers in J. Am, Cham. Soc, 1989, 111, 6354-6364. 

When it is desirable to synthesize these intemnediates in optically pure fomn, some established methods 
indude: (1) asymmetric electrophilic amination of chiral endates (J. Am. Cham, Soc. 1986, 108, 6394-6395, 

so 6395-6397, and 6397-6399). (2) asymmetric nudeophillc amination of optically adive carbonyl derivatives, (J. 
Am. Cham. Soc. 1992. 114, 1906; Tetrahedron Lett. 1987, 28, 32), (3) diastereoselective alkytation of chiral 
glydne endate synthons (J. Am. Chem. Soc. 1991, 113, 9276; J. Org. Chem, 1989, 54, 3916). (4) dlastareo- 
seledive nudeophilic addition to a chiral electrophilic glycinate synthon (J. Am. Cham. Soc. 1986, 108, 1103), 
(5) asymmetric hydrogenation of prochiral dehydroamino add derivatives ^Asymmetric Synthesis, Chiral Cat- 

ss afyslsr, Monison, J. D., Ed; Academic Press: Orlando, Fl^ 1985; Vol 5), and (6) enzymatic syntheses {Ang&w. 
Chem. Int. Ed. Engl. 1978, 17, 176). 

For example, alkylation of the endate of diphenyloxazinone 31 (J. Am. Chem. Soc. 1991. 113, 9276) with 
cinnamyl bromide in the presence of sodium bis(trimethytsilyl)amide proceeds smoothly to afford 32 which is 
converted into the desired (D)-2-amino-5-phenylpentanoic acid 33 by removing the N-t-butyiQxycart>onyl group 

40 with trifluoroacetic acid and hydrogenation over a Pda2 catalyst (Scheme 14) 
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P\ X NaNCTMS)2. 

y 0 cinnamyl bromide | y 



31 

A 

2)PdCl2/H2 



Ph 

1)TFA 32 




33 



Intermediates of formula 30 which are 0-benzyl-(D)-serine derivatives 34 are conveniently prepared from 
suitably substituted benzyl halides and N-protected-(D)-8erine 34. The protecting group L is conveniently a 
BOC or a C6Z group. Benzylation of 34 can be achieved by a number of methods well known in the literature 
28 including deprotonatlon with two equhralents of sodium hydride in an inert solvent such as DMF followed by 
treatment with one equivalent of a variety of benzyl halides {Synthosis 1989, 36) as shown In Scheme 15. 



HO 



V NaH/DMF 



SCHEME 15 

NaH/DMF 
Ar-CHg-X 




^ CO2H CO2H 

34 35 

The 0-a[|cyl-(D}-serine derivatives are also prepared using the aikylatlon protocol shown in Scheme 15. 

40 Other methods that could be utilized to prepare (D>-serine derivatives of formula 35 Include the add catalyzed 
benzylation of carboxyl protected Intennediates derived from 34 with reagents of formula ArCH20C(=NH)CCt3 
(O. Yonemitsu et al. Chem, Pharm. Bull. 1988, 35, 4244). Alternatively, aikylatlon of the chiral gylcine enolates 
(J. Am. Chem. Soc. 1991, 113, 9276; J. Org. Chem. 1989. 54, 3916) with ArCH20CH2X where X is a leaving 
group affords 35. In addition D,L-0-aryl(alkyl)serines can be prepared and resolved by methods described 

45 above. 

The ailcytation of N-protected-(D)-cysteine 36 is carried out by the procedure described in the (D)-serine 
derivath^e synthesis and illustrated below with Ria-X where X Is a leaving group such as halides and mesyloxy 
groups as shown in Scheme 16. 

so 
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H 

I 



IB [O] n CO2H 

38 n=1.2 

20 The oxidation of the cysteine derivatives 37 to the sulfoxide 38 (n=1) and the sulfone 38 {f\^2) can b9 ac- 
complished with many oxidizing agents. (For a review of the oxidation of sulfides see Org. Prep. Proced. Int. 
1982, 14, 45.) Sodium periodate (J. Org. Chem. 1967, 32, 3191) is often used for the synthesis of sulfoxides 
and potassium hydrogen persulfate (OXONE) (Tefrahedmn Lett. 1981, 22. 1287) is used for the synthesis of 
sulfones. 

2S Hence, a variety of sul>stituted amino adds nnay bB Incorporated into a growth hormone secretagogue via 
the chemistry detailed In Schemes 1 and 8. The secretagogues that contain a sulfoxide or a sulfone functional 
group can also be prepared from the cysteine secretagogues by using sodium periodate or OXONE®. Alter- 
nath^ely hydrogen peroxide may be used as the oxidizing reagent in the last step of the synthesis as shown in 
Scheme 17. The sulfoxide 40 (n^l) and sulfone 40 (ns2) analogs can be separated by preparative thin layer 

30 chromatography. 
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Removal of amino protecting groups can be achieved by a number of methods known in the art; as described 
above and in Protective Groups in Organic Synthesis T.W. Greene, John Wiley and Sons, NY. 1981. 

Compounds of formula I wherein and are each hydrogen can be further elaborated by reductive al- 
kylation with an aldehyde by the aforementioned procedures or by alkylations such as by reaction with various 
epoxides. The products, obtained as hydrochloride or trifluoroacetate salts, are conveniently purified by re- 
verse phase high performance liquid chromatogrphy (HPLC) or by recrystallization. 

The splro piperidines of formula 41 can be prepared by a number of methods, including the syntheses as 
described below. 
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The spiropiperidines of formula 42, wherein L is a defined protecting group, can be synthesized by methods 
IS that are known In the literature (for example H. Ong et at J. Med. Chem. 1983, 23, 981-986), The indoilne ni- 
trogen of 42, wherein L is a protecting group such as methyl or benzyl, can be reacted by with a variety of 
electrophiles to yield spiro piperidtnes of formula 43, wherein R9 can be a variety of functionalities. Compound 
42 can be reacted with, for example, Isocyanates in an inert solvent like dichloromethane to yield urea derlv* 
atives, chloroformates in an inert solvent like dichloromethane to yield carbamates, add chlorides. 
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42 43 



anhydrides, or acyl imidazoles to generate amides, sulfonyl chlorides to generate sulfonamides, sulfamyl chlor- 
ides to yield sulfamides. Also, the Indoilne nitrogen of 42 can be reductively alkylated with aldehydes with con- 
ditions known in the art When the aldehyde used In the reductive aminatlon reaction is a protected glyoxylic 
acid of structure HCOCOOM, wherein M is a defined protecting group, M can t>e removed from the product 
40 and further derivatized. Alternath^ely, 42 can be reacted with epoxides to produce 43, wherein Re is ^-hydroxy- 
substituted alkyi or arylalkyi groups. The indoilne 42 can also be transformed to compounds of formula 43, 
wherein R9 = phenyl or substituted phenyl, heteroaryl or substituted heteroaryl. by carrying out the reacting 
42 with a fluoro phenyl or f luoro heteroaryl reagent This chemistry is detailed In H. Ong et al J. Med. Chem. 
1983,23,981-986. 
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The spiro piperidine intermediate 43 (L = Me or Bn), wherein is hydrogen or most of the derivatives de- 
scribed above, can be demethylated or.debenzylated to produce 44, wherein Rg is hydrogen or most of the 
derivatives described above, as shown in Scheme 19. For compounds of fonmula 43, wherein L = Me, deme- 
thytation can be carried out by a number methods familiar those skilled In the art. For example, demethylation 

5 of 43 be accomplished by reacting it with cyanogen bromide and potassium cart>onate in an inert soh/ent solvent 
such as d tchloromethane to yield a cyanamide which can reduced to give 44 by treatment with lithium aluminum 
hydride in refluxing tetrahydrofuran, refluxing strong acid iilce aqueous hydrochloric add, or with Grignard re- 
agents like methyl magnesium bromide. Alternatively, demethylation of 43 can be effected with the ACE-CI 
method as described in R. Olofson et al. J. Org. Chem, 1984, 49, 2795 and references therein. For intermedin 

10 ates of formula 43, wherein L = Bn, removal of benzyl group can be accomplished by reductive methods in- 
cluding hydrogenatton in the presence of platinum or palladium catalyst in a protic solvent like methanol. Al- 
tematively. debenzylation of 43, L = Bn, can be effected with the ACE-CI method as described in R. Olofson 
et al. J. Org. Chem. 1984 

The spiro heterocyclic compounds 45 can be prepared by a number of methods, including the syntheses 
IB as described in Scheme 20. 



SCHEME 20 
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*® D«0, S, NRg, Xohalides, Se, S 

Allylic oxidation of the protected piperidine 47 is accomplished by classical methods familiar to those skilled 
45 in the art (Rabjohn, N. Org. React 1976, 24, 261). The resulting allylic alcohol is treated with thionyl chloride 
In an inert solvent such as benzene to provide the corresponding chloride 48. When D^O or 8, the alkylation 
is carried out in DMF or acetone as solvent with potassium carbonate as a base, and when D=NRe (Rs=H, alkyi, 
aryt. acyl, sulfonyl, carbannate) the reactton Is carried out with sodium hydride as a base in an inert solvent 
such as THF to afford the cydization precursor 49. When L is a defined protecting group, compound 49 can 
50 be cyciized by a number methods familiar to those skilled in the art For example, cydization of 49 can be ac- 
complished by reactton with tributyltin hydride (Curran , DP. Synthesis 1988, 417 and 489) in an inert sdvent 
such as benzene to yield 46. Alternatively, compound 46 (D^NRg) can be prepared by the method shown in 
Schemes 18 and 19. When D=S, compound 46 can be oxidized to the sulfoxide 47 (n=1) and the sulfone 47 
(n=2) by many oxidizing agents (Scheme 21). For example, sodium periodate is often used for the synthesis 
55 of sulfoxides and OXONE is used for the synthesis of sutfones. Removal of the protecting group provides the 
amine 45 which then can be incorporated into a growth hormone secretagogue via the chemistry detaileds In 
Scheme 1 and 8 shown above which utilize generic Intenmedlate 2. 
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SCHgME 21 



[OJ 




46 E)»S 



46 D = S(0)n, 



m=1,2 



Thb spiro piperidines of fonmila 50 and formula 51 can be prepared by the eyntheses described In Scheme 

22. 

The phthalimidfnes of formula 53, where Rn is defined as alkyl. aryt. (CH2)q-ary1, or a protecting group, 
are either commercially available or can be synthesized from the con^espondlng phthallmides by methods that 
are known In the literature (for example. Bewster et al in J. Org. Chem., f 983, 26^ 501 ; Mcalees et al J. Chem. 
Soc., 1 977. 2038). The phthalimidine 53 can be alkylated in the presence of a base, such as potassium hydride, 
lithium or potassium bls(trimethytsilyl)amidei with the protected bis 2-haloethyt amine, where L is a defined 
protecting group such as methyl, benzyl, t-BOC. or CBZ. etc.. and Ycould be d, Br, I, to yield thespiropiperidine 
54. The protecting group could be removed by procedures described above to yield formula 50. Reductton of 
the lactam in formula 50 by hydrides, such as lithium aluminum hydride, yields formula 51. 



SCHE;ME22 




It is noted that the order of carrying out the foregoing reactk>n schemes is not significant and it is wtthin 
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the skill of one skilled in the art to vary the order of reactions to facilitate the reactton or to avoid unwanted 
reaction products. 

The growth hormone releasing compounds of Formula I and II are useful in vitro as unique tools for un- 
derstanding how growth hormone secretion is regulated at the pituitary level. This includes use in the evatua- 

5 tion of many factors thought or known to influence growth hormone secretion such as age, sex, nutritional fac- 
tors, glucose, amino acids, fatty adds, as well as fasting and non-fasting states. In addition, the compounds 
of this invention can be used in the evaluation of how other hormones modify growth hormone releasing ac- 
tivity. For example. It has already been established that somatostatin inhibits growth hormone release. Other 
hormones that are important and in need of study as to their effect on growth hornK>ne release include the 

10 gonadal hormones, e.g., testosterone, estradiol, and progesterone; the adrenal hormones, e.g., Cortisol and 
other corticoids, epinephrine and norepinephrine; the pancreatic and gastrointestinal hormones, e.g.. Insulin, 
glucagon, gastrin, secretin; the vasoactive peptkies, e.g., bombesin, the neurokinins; and the thyroid hor- 
mones, e.g., thyroxine and triiodothyronine. The compounds of Formulas I and II can also be employed to in- 
vestigate the possible negative or positive feedback effects of some of the pituitary homnones, e.g., growth 

16 hormone and endorphin peptides, on the pituitary to modify growth honmone release. Of particular scientific 
importance is the use of these compounds to elucidate the subcellular mechanisms mediating the release of 
growth hormone. 

The compounds of Formula I and II can be administered to animals, including man, to release growth hor- 
mone in vivo. For example, the compounds can be administered to oomn>6rcially important animals such as . 

20 swine, cattle, sheep and the like to accelerate and Increase their rate and extent of growth, to improve feed 
efficiency and to Increase milk production In such animalsi In addition, these compounds can be administered 
to humans nt vivo as a diagnostic tool to directly determine whether the pituitary is capable of releasing growth 
hormone. For example, the compounds of Fonnula I and II can be administered in vivo to children. Serum sanv 
ples taken before and after such administration can be assayed for growth hormone. Comparison of the 

25 amounts of growth hormone in each of these samples would be a meansf for directly determining the ability 
of the patient's pituftary to release growth hormone. 

AocwtJingly, the present Invention Includes within its scope phanmaoeutical compositions oomprising, as 
an active ingredient, at least one of the compounds of Formula I and 11 in association with a pharmaceutical 
carrier or diluent. Optksnally, the active ingredient of the phamiaceutical compositions can comprise an ana- 

30 bdic agent in addition to at leastone of the compounds of Fomnula I and II or another composition which exhibits 
a different acth^ity. e.g., an antibiotic growth penrnittant or an agent to treat osteoporosis or In oombinatkin with 
a corticosteroid to minimize the catabolk: side effiects or with other pharmaceutically active materials wherein 
the combination enhances efficacy and minimizes side effects. 

Growth promoting and anabolic agents include, but are not limited to, TRH, dtethylstiibesterol, estrogens, 

35 ^agonists, theophylline, anabolic steroids, enkephalins, E series prostaglandins, compounds disclosed In U.S. 
Patent No. 3,239,345. e.g., zeranol, and compounds disclosed In U.S. Patent No. 4,036,979, e.g.. sulbenox or 
peptides disclosed in U.S. Patent No. 4,411,890. 

Astill further use of the growth hormone secretagogues of this invention is In combination with other growth 
hormone secretagogues such as the growth hormone releasing peptides GHRP-6, GHRP-1 as described in 

40 U.S. Patent Nos. 4,411.890 and publications WO 89/07110. WO 89/07111 and B-HT920 as well as hexarelin 
and the newly discovered GHRP-2 as described In WO 93/04081 or growth hormone releasing honmone 
(GHRH, also designated GRF) and its analogs or growth hormone and Its analogs or somatomedins including 
IGF-1 and IGF-2 or a- adrenergic aglnists such as clonldine or serotonin 5HTID agonists such as sumitriptan 
or agents which inhibit somatostatin or its release such as physostigmine and pyridostigmine. 

45 As Is well known to those skilled in the art, the known and potential uses of growth hormone are varied 

and multitudinous. Thus, the administration of the compounds of this invention for purposes of stimulating the 
release of endogenous growth hormone can have the same effects or uses as growth hormone itself. These 
varied uses of growth honmone may be summarized as follows: stimulating growth hormone release in elderly 
humans; treating growth hormone deficient adults; prevention of catabolic side effects of glucocorticoids, 

50 treatmentof osteoporosis, stimulation of the immune system, acceleration of wound healing, accelerating bone 
fracture repair, treatment of growth retardation, treating acute or chronic renal failure or insufficiency, treat- 
ment of physk>logical short stature, indudtng growth hormone deficient children, treating short stature asso- 
ciated with chronk: illness, treatmentof obesity and growth retardation associated with ot>esity, treating growth 
retardation associated with Prader-Willi syndrome and Turner's syndrome; accelerating the recovery and re- 

55 ducing hospitalization of bum patients or fallowing major surgery such as gastrointestinal surgery; treatment 
of Intrauterine growth retardatton, skeletal dysplasia, hypercortlsontsm and Cushings syndrome; replacement 
of growth hormone in stressed patients; treatment of osteochondrodysplasias, Noonans syndrome, sleep dis- 
orders. Alzheimer's disease, delayed wound healing, and psychosocial deprivatton; treatment of pulmonary 
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dysfundion and ventilator dependency; attenuation of protein catabollc response after a major operation; 
treating malabsorption syndromes, reducing cachexia and protein loss due to chronic Illness such as cancer 
or AIDS; accelerating weight gain and protein accretion In patients on TPN (total parenteral nutrition); treatment 
of hyperlnsulinemta including nesidioblastosis; adjuvant treatment for ovulation induction and to prevent and 

5 treat gastric and duodenal ulcers; to stimulate thymic development and prevent the age-related decline of thynv 
ic function; adjunctive therapy for patients on chronic hemodialysis; treatment of immunosuppressed patients 
and to enhance antibody response following vaccination; improvement in muscle strength, mobility, mainte- 
nance of skin thickness, metabolic homeostasis, renal homeostasis In the frail elderly; stimulation of osteo- 
blasts, bone remodelling, and cartilage growth; treatment of neurological diseases such as peripheral and drug 

10 induced neuropathy. GuiHian-Barre Syndrome, amyotrophic lateral sclerosis, multiple sclerosis, cerebrovas- 
cular accidents and demyelinating diseases; stimulation of the Immune system in companion animals and 
treatment of disorders of aging in companion aninrials; growth promotant in livestock; and stimulation of wool 
growth In sheep. 

It will be known to those skilled in the art that there are numerous compounds now being used in an effort 
IS to treat the diseases or therapeutic indications enumerated above. Combinations of these therapeutic agents 
some of which have also been mentioned above with the growth hormone secretagogues of this Invention will 
bring addittonal, complementary, and often synergistic properties to enhance the growth promotant, anabolic 
and desirable properties of these various therapeutic agents. In these combinations, the therapeutic agents 
and the growth hormone secretagogues of this inventton may be independently present in dose ranges from 
20 one one-hundredth to one times the dose levels which are effective when these compounds and secretagogues 
ars used singly. 

Combined therapy to Inhibit bone resorptton, prevent osteoporosis and enhance the healing of bone frac- 
tures can be illustrated by combinations of bisphosphonates and the growth hormone secretagogues of this 
invention. The use of bisphosphonates for these utilities has been reviewed, for example, by Hamdy, NAT., 

25 Rde of Bisphosphonates In Metabolic Bone Diseases. Tronds in Endocrinol. Metab,, 1993. 4, 1 9-25. Bisphos- 
phonates with these utilities include alendronate, tiludronate, dimethyl - APD, risedronate, etidronate, YM-175, 
dodronate, pamidronate, and BM-2109g5. According to their potency, oral daily dosage levels of the bisphos- 
phonate of between 0.1 mg and 5 g and dally dosage levels of the growth honnnone secretagogues of this In- 
vention of between 0.01 mg/kg to 20 mg/kg of body weight are administered to patients to obtain effective 

30 treatment of osteoporosis. 

The compounds of this inventton can be administered by oral, parenteral (e.g., Intramuscular, Intraperito- 
neal, Intravenous or subcutaneous injection, or implant), nasal, vaginal, rectal, sublingual, or topical routes of 
administration and can be formulated in dosage forms appropriate for each route of administratton. 

Solid dosage forms for oral admlnistratton Include capsules, tablets, pills, powders and granules. In such 

35 solM dosage forms, the acthre compound is admbced with at least one Inert pharmaceutically acceptable carrter 
such as sucrose, lactose, or starch. Such dosage forms can also comprise, as is nonmal practice, additional 
substances other than inert diluents, e.g., lubricating agents such as niagnesium stearate. In the case of cap- 
sules, tablets and pills, the dosage forms may also comprise buffering agents. Tablets and pi lis can additionally 
be prepared with enteric coatings. 

40 Liquid dosage forms for oral administration Include pharmaceutically acceptable emulsions, soluttons, sus- 
pensions, syrups, the elbcirs containing Inert diluents commonly used in the art, such as waten Besides such 
inert diluents, compositions can also include adjuvants, such as wetting agents, emulsifying and suspending 
agents, and sweetening, flavoring, and perfuming agents. 

Preparations according to this invention for parenteral administration include sterile aqueous or non-aqu- 

45 ecus solutkins, suspensions, or emulsions. Examples of non-aqueous solvents or vehicles are propylene gly- 
col, polyethylene glycol, vegetable oils, such as olive oil and corn oil, gelatin, and Injectable organic estere 
such as ethyl oleate. Such dosage forms may also contain adjuvants such as preserving, wetting, emulsifying, 
and dispersing agents. They may be sterilized by, for example, filtration through a bacteria-retaining filter, by 
incorporating sterilizing agents into the compositions, by irradiating the compositions, or by heating the con>- 

50 positions. They can also be manufectured in the form of sterile solM compositions which can be dlssohred In 
sterile water, or some other sterile injectable medium immediately before use. 

Compositions for rectal or vaginal admlntstratkin are preferably suppositories which may contain, in addi- 
tion to the active substance, exclplents such as cocoa butter or a suppository wax. 

Compositions for nasal or sublingual administration are also prepared with standard exclplents wall known 

55 in the art 

The dosage of active ingredient in the compositions of this invention may be varied; however, it is neces- 
sary that the amount of the active ingredient be such that a suitable dosage form is obtained. The selected 
dosage depends upon the desired therapeutic effect, on the route of administration, and on the duration of 
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the treatment Generally, dosage levels of between 0.0001 to 1 00 mg/kg. of body weight dally are administered 
to patients and animals, e.g., nnammals, to obtain effective release of growth hormone. 

The following exam|>les are provided for the purpose of further iilustretion only and are not intended to be 
limitations on the disclosed invention. 

5 

EXAMPLE 1 

N-[1(RH(2',y-<iihydrD-2^xo,spiro[piperidine4,4'(1H>^ 
propanamlde hydrochloride 
10 Step A: 1Mt>butyloxycart)onyl)3,4-dihydro-3-oxospiroI1K-indene-1,4'-plperidinel 

To a solution of 661 mg (2.31 mmol) of r-(t-butyloxy- carbonyl>splro[1H-indene-1,4 -piperidlne] [pre- 
pared by the method of Chambers, et al, J. Med. Chem., 1992, 35. 2036] in 5.0 ml of THF was added 5.8 
ml (1 .0 M THF, 2.9 mmol) of 9-BBN, The reaction mixture was heated at 70**C until TLC analysis Indicated 
that the starting material was consumed. The solution was concentrated and the residue was dissolved 
15 in dichtoromethane. The solution was cooled to O'^C and 4.1 g (19.2 mmol) of PCC was added slowly over 
15 minutes. The reaction mbcture was warmed to room temperature and then to reflux for 30 ntinutes. The 
solution was then diluted with ether and filtered through a pad of a mixture of celfte andflorisll. Purification 
by flash chromotgraphy (silica gel, hexane/ethyt acetate, 4:1) gave 326 mg (47%) of the title compound. 
iH NMR (200 MHz, CDO^): 7.75-7.60 (m. 2 H), 7.50-7.44 (m. 2 H), 4.30-4.15 (m, 2 H), 2.85 (dt. 2 H), 2.63 
20 (8. 2 H), 1.98 (dt 2 H). 1.53-1.40 (m. 2 H). 1.49 (s. 9 H). 

Step B: Spiro[1H-indene-1,4*-piperidin)-3(2H)-one trlfluoroacetamide 

A solution of the intermediate from Step A in a 1 :1 :0.5 mixture of trif tuoroacetic acid, dichloromethane 
and anisole was stirred for 1 hour and then concentrated and azeotroped frcmi toluene to gh^e the title 
compound. 

25 m NMR (200 MHz, CDOa): 7.81-7.70 (m.1 H). 7.62.7.45 (m, 2 H), 7^22-7.15 (m, 1 H). 3.72-3.58 (m^ H), 
3.29-3.04 (m, 2 H). 2.70 (s, 2 H), 2.47 (dt, 2 H), 1.85-1.75 (m, 2 H). 
Step C: Trifluoroacetamide"2,3-dihydrospiro[indene-1,4'piperidlnel 

To a solution of 1.0 g (3.21 mmol) of the intermediate obtained in Step B In 3.0 ml of dichloromethane 
was added 0.945 ml (6.74 mmol) of trfethylamine and 50 mg of DMAP and finally 0.501 ml (3.53 rrunol) of 

30 trifluroacetic acid anhydride. The reaction mbcture was stirred for 3 houre and then diluted with 20 ml of 
dichloromethane. The solution was washed with water, dried over magnesium sulfate, and concentrated. 
Purification by flash chromatography (silica gel. hexane/ethyl acetate 2:1) gave 568 mg (1.91 mmd). 
iH NMR (200 MHz. CDCIJ: 7.79-7.64 (m. 2 H), 7.52-7.41 (m. 2 H), 4.75-4.65 (m.1 H), 4 J22 -4.08 (m. 1 H). 
3.37 (dt, 1 H), 2.92 (dt, 1 H). 2.70 (s. 2 H), 2.08 (dt, 2 H), 1.71-1.62 (m, 2 H) . 

35 Step D: Triflouroacetamide-3',4-dlhydro-2-oxosplro[plperidlne-4.4'(1H)-quinollnel 

To a solution of 218 mg (3.36 mmol) of sodium azide In 0.285 ml of water and 1.5 ml of chloroform at 
O^C was added 0.105 ml of sulfuric acid. The reaction mbcture was stirred for 2.5 houre and then the layere 
were separated and the chloroform layer was dried over sodium sulfate. The hydrazic add solution was 
then added to a solution of 400 mg (1.34 mmd) of the intermediate obtained from Step A To this solution 

40 was added 0.400 ml of sulfuric acid over 5 minutes. The reaction mixture was stirred for 20 minutes and 
then for 45 minutes at 45^C and finally for 16 hours at rcx>m temperature. The sulfuric acid layer was added 
to ice and then made basic with 50% sodium hydroxide. The aqueous layer was extracted with ethyl acet- 
ate. The ethyl acetate extracts were dried over sodium sulfate and concentrated. Purification of a 100 mg 
portion of the crude product by flash chromatography (silica gel, dichloromethane/ethyl acetate 1:1 fol- 

4S lowed by 1 :2) gave 50 mg (0.1 60 mmol) of a high RF material and 1 6 mg (0.051 mmol) of a low RF material. 

iH NMR (200 MHz. CDOj. high RF): 8.9-8.7 (bs, 1 H), 7.40-7.21 (m, 2 H)» 7.18-7.04 (m, 1 H), 6.90-6.86 
(m, 1 H), 4.52-4.36 (m, 1 H), 3.97-3.83 (m. 1 H), 3.52 (dt. 1 H), 3.22 (dt, 1 H), 2.79 (s, 2 H). 2.12-1.66 (m, 
4 H). iHNMR (200 MHz, CDQa, low RF): 8.12( dd. 1 H), 7.60-7.52 (m, 1 H), 7.45-7.35 (m, 2 H).6.95 (bS, 
1 H), 4.56-443 (m,1 H). 4.03-3.96 (m.1 H).3.64-3.62 (m.2 H). 3.49-3.35 (m. 1 H), 3.11 (dt.1 H). 2.20-1.80 

50 (m, 4 H). 

Step E: 3',4-dihydro-2-oxospiro[piperidine-4,4'(1H>-quinoline] 

Asolution of 49 mg (0.1 57 mmol) of the high RF material from Step B in methanol/water4:1 with excess 
potasium hydroxide was stirred over night The solution was concentrated and water and ethyl acetate were 
added to the residue. The layers were separated and the aqueous layer was extracted with ethyl acetate. 

55 The combined cyanic layere were dried over sodium sulfate and concentrated.to give 31 mg (0.143 mmd) 
of the title compound. 

Step F: N-[1(RH(2'.3'-dihydro-2-oxo,splro[piperidine-4,4'(1 H>-quinolinl-ryl)carbonyl]-2-(lndol-3-yl)ethyll- 
2-111,1- dimethylethyloxycartx)nyllaminol-2-methylpropanamide 
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To a solution of 29 mg (0.134 mmol) of the intermediate obtained in Step C, 65 mg (0.167 mmol) of 
2-amjno-N-(1(R)-[2',3- dihydro-2-oxospiro(piperidine-4,4'(rH)-quinoIin^1-yl)carl)onyl)-2-(1H-indol-3- 
)ethyl-2-methylpropanamide, and 24 mg (0.174 mmol) of HOBT in dichloromethane was added 33 mg 
(0.174 mmol) of EDC. The reaction was stirred overnight and then worked up and purified as described 
for Example 1 (Step A) with one exception, dichoromethane/ acetone was used for the chromatography. 
34.8 mg (0.059 mmol) of the title compound was obtained. 

Step G: N^1(RV[(2\3'>dihydro-2-^xo,spiro[piperidine-4,4X1H)-quinolinV1'yl)carbonyl>2-Cndd-^^^ 
hyll'2'amlno-2-methylpropanamlde hydrochloride 

The title compound (7.2 mg, 0.013 mmol) was obtained from the intermediate from Step D (14 mg, 
0.023 mmol) according to the procedure described for Example 1 (Step C) with one exception. The hydro- 
chloride salt was generated from the purified free amine by the addition of 4 N Ha in dioxane In this case. 

NMR (400 MHz, CDaOD. 2:1 mixture of rotomers): 8.34 (d. 2/3 H). 8.27 (d, 1/3 H). 7.59 (d. 2/3 H). 7.55 
(d, 1/3 H). 7.38 (d. 1/3 H), 7.33 (d. 2/3 H), 7.25 (d. 1/3 H). 7.18-6.98 (m. 4 H). 6.85 (d. 1/3 H), 6.80 (d, 2/3 
H). 6.68 (d, 2/3 H). 5.23-5.17 (m. 1 H). 4.22-4.19 (m. 2/3 H). 4.09-3.95 (m. 1/3 H). 3.62-3.59 (m. 1/3 H), 
3.36-3.17 (m, 2 2/3 H), 3.08 (dt, 1/3 H). 2.75 (dt. 1/3 H). 2.69 (dt. 2/3 H), 2.48 (dd, 2 H). 1.93-1.75 (m, 2/3 
H). 1 .60 (s, 3 H), 1 .58 (s, 2 H), 1 .40-1 .32 (m, 1 H), 1 .51 (s. 1 H). 1.10 (m, 1/3 H), 1 .02 (m, 2/3 H). 0.90 (dt, 
2/3 H), 0.22 (dt. 2/3 H). FAB-MS: m/e 490 (m<M). 

EXAMPLE 2 

tH1(R)4(2',3'-dihydr>1-oxospinDC|rfperidin»4,4X1H>^^ 

propanamide hydrochloride 

Step A: [3\4'-dihydro-1-oxospiro[plpBridlne-4.4*(1H)-isoquinoline) 

The title compound (1 1 .3 mg, 0.036 mmol) was prepared from the low RF intermediate from Example 
1 (Step D) (16.0 mg, 0.051 mmol) according to the procedure described for Example 13 (Step D). 
1HNMR (200 MHz, CDaj): 8.12 (dd. 1 H). 7.60-7.52 (m, 1 H), 7.45-7.35 (m, 2 H), 6.95 (bs, 1 H), 4.56-4.43 
(m, 1 H), 4.03-3.96 (m. 1 H), 3.64-3.62 (m, 2 H). 3.49-3.35 (m, 1 H), 3.11 (dt. 1 H). 2.20-1.80 (m. 4 H). 
Step B: N-[1(R)-[(2'.3'-dlhydro-1-oxo,spirt)Ipiperidine-4,4'(1 H)-isoquinolin}-ryDcarbonyll-2-(indol-3-yl)et- 
hyll-2-PI ,1 dlmethylethyloxycarbonyllamlnol-2-fnethyipropanamide 

The title compound (13.6 mg. 0.023 mmd) was prepared from the intermediate from Step A (10.0 mg, 
0.032) and 2-amino-N-[1(R)-I2^3^dlhyd^D-2.oxospi^o[piperidine-4.4\1•H)-quinolln^1-yi)cart>ony1^2-^ 
indol-3-yl)ethy1-2-methylpropanamide (21 .6mg, 0.055 mmol) according to the procedure described for Ex- 
ample 13 (Step D). 

Step C: N-I1(R)-[(2\3^dihydro-1-oxospiro[piperidlne-4,4'(1H)-isoquindinl-1'yl)cart)onyl]-2-(indol-^^^ 
hyl}-2-amino-2-methylpropanamlde hydrochloride 

A solution of 1 0.1 mg (0.01 7 mmol) of the Intermediate obtained from Step B in 1 .5 N HCI in ethyi acet- 
ate was stirred over night and then concentrated and azeotroped from methanol to yield 6.3 rr^ (0.015 
mnrK>l) of the title compound. 

^H NMR (400 MHz, CD3OD. 2:1 mixture of rotomers): 7.94 (d. 1/3 H), 7.87 (d. 2/3 H). 7.62-7.53 (m. 2 H), 
7.40-7.33 (m. 2 1/3 H). 7.16-7.10 (m. 3 H). 6.75 (d. 2/3 H). 5.22-5.18 (m. 2/3 H). 5.15 (t 1/3 H), 4.27-4.23 
(m, 2/3 H). 4.14-4.10 (m. 1/3 H), 3.68-3.61 (m, 1 H). 3.25-3.18 (m. 4 H). 3.10 (dt, 2/3 H). 2.87 (dt, 1/3 H), 
2.70 (dt. 1/3 H). 2.65 (dt, 2/3 H). 1.88 (dt. 1/3 H). 1.75 (dt. 1/3 H). 1.62 ♦ 1.61 + 1.59 ♦ 1.51 (s. 6 H total). 
1.57-1.44 (m, 1 H), 1.38-1.35 (m. 1/3 H). 1.15-1.10 (m, 1/3 H), 0.929 (dt, 2/3 H).0.19 (dt. 2/3 H). FAB-MS: 
nn/e490(nH-1). 

EXAMPLE 3 

N-[1(RH(^H-1^xospiroI3H-2-benzopyran-3,4-piperidinl-r-yl)carbonyl>2-(lndd-3-yl 

propanamide hydrochloride. 

Step A: Spiro[3H-2-benzopyran-3.4'-plperidinl-1(4H)-one 

To a suspension of 10% palladium on carbon (5 mg) in ethanol (5 mL) was added of 1'-benzyl8piroI3H- 
2-benzopyran-3.4*-piperidine]-1(4H)-one (20 mg, 0.058 mmol). (Hashigaki etal Chem . Phanm. Bull . 32 pg 
3561-3568 (1984)). Hydrogenatlon was perfbnmed at 1 atmosphere pressure at room temperature. The 
reaction was stinred for 2 hours under hydrogen atmosphere, until TLC analysis indicated that the reaction 
was complete. The catalyst was removed by vacuum filtration through cellte 545 and the filtrate was con- 
centrated to give the desired product (12.4 mg, 98.5%). 
FA&-MS calc. for CuHisNQs 217; fbund 218 (M^-H, 100%). 

Step B: ^^[1(R>'[(4H-1-oxospiro[3H-2-benzopyran-3,4^piperidin^1-yl)cart>onyl^2-(indo>-3-yl)-ethyl^^^ 
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n(1,1-dimethy!ethyioxy)cartx>nyllamino}-2-methylpropanamide 

A solution of the intermediate from Step A(12 mg. 0.055 mmol) and a(R)-D2-(I(1 .1-dimethytethoxy)car- 
bonyt]amino]-2.2- dimethym-oxoethyl]amino]-1H-indole>3-propanoic acid (27 mg. 0.058 mmol) In di- 
chloromethane was cooled to O^'C and then HOBT (2 mg, 0.01 5 mmol). N-methyl-morpholine (8.8 mg; 0.084 

5 mmol) and EDC (22 mg, 0.12 mmol) were added. The reaction mixture was stirred at room temperature 
for 1 hour, until the reaction was judged complete by TLC analysis. The solution was then washed with 
saturated sodium chloride and dried over anhydrous magnesium sulfate. The solution was then filtered 
and concentrated. Purification by silica gel chromatography provided the title compound (15 mg, 47%). 
FAB-MS calc. for C33H4oN40e 588; Found 589 (Mi-H. 39%) [489 Mi-H-100, 42%) loss of ^ Boc group]. 

10 Step C: ^^[1(R)-[(4H-1'Oxospiro[3H-2-ben^opy^an^3,4'^ptperidin^1 -yl)carbonyl^2-(indo^3"yl)-et 
ami nO'2-methylpropanamide hydrochloride 

A solution of the intermediate from Step B (12 mg, 0.02 mmol) in methanol (3 mL) was cooled to OX. 
While stining, concentrated hydrochloric acid (3 mL) was then added slowly to the mbcture. The reaction 
was stirred for 30 minutes, until TLC analyse indicated that the reaction was complete. The solution was 

16 then concentrated several times from toluene. The hydrochloric salt was used without purification (10.15 
mg. 96%). 

NMR (400 MHz. CD3OD): The product exists as a mixture of two confonmers (2:1): 6 7.977, 7.905 (2d, 
2/3 H). 7.604-6.994 (m, 8 H). 5.134-5.093 (m. 1 2/3 H), Hidden 5.025-4.715 (m. 2 H). 4.191-4.114 (m. 1/3 
H). 3.637-3.587 (m. 1 H), 3.344-3,299 (m, 1 H). 3.188-3.124 (m, 1 H). 3.030 (s, 2/3 H). (dt, 2.81 Hz, 9.4 
20 Hz. 1/3 H). 2.536 (q. 1 H). 2.301 (t. 1/3 H), 1.590, 1.571 (2s. 6 H), 1.539-1.483 (m, 2/3 H), 1.275 (s. 6 H), 

1.259-1.206 (m, 2/3 H), (m. 1 H), 0.633-0.545 (m, 1/3 H). -0.277 -0.361 (m. 1/3 H). 
FAB-MS calc. for C28H32N4O4 488; found 489 (M^H. 65%). 

EXAMPLE 4 

28 

l^1(R)-[(4\5'-dihydro^'-oxosptro{piperidlne-4,6'-I6H]thienoI2,^ 
2-amlno-2-propanamlde hydrochloride 

Step A: N-[1(R)-[(4\y-dlhydnM'-oxospiro[plperidine-4,6'-I6Hlthlenor2.3>b]thlopyran}-1-yl)carfaonyl>^^ 
(indol-3-yl)ethyll-2-n(1,1-dimethylethyloxy)cart)onyl]amino}-2-propanamide 

30 Prepared by the procedure described in Example 3. Step B. Spiro[piperidine-4.6'-[6H]thieno[2.3- 

b]thiopyranHX5'H)-one hydrochloride, (10 mg, 0.044 nrvnol) EP publication 90313262.9, a(R)-|I2-|[(1.1- 
dimethylethoxy)cart>onyl]amino]-2,2-dimethyl-1-oxoethyl]amino]-1H-indole-3-propanoic acid (20 mg, 
0.051 mmol). HOBT (1 eq.), N- methylmorphollne (0.01 ml^ 0.093 mmol), and EDC (20 mg, 0.10 nrvnol). 
Reaction time: 5 hours. Yield: 22 mg (98%). 

35 iH NMR (400 MHz. COOi): product exists as a mixture of two conformers (2:1): 8 8.240 (s. 2/3 H), 8.063 

(s. 1/3 H). 7.680 (d. 2/3 H), 7.628 (d, 1/3 H), 7.416-6.962 (m, 5 H), 5.27^5.162 (m, 1 H). 4.878-4.763 (m, 
1 H), 4.285 (d. 2/3 H). 3.376 (d. 2/3 H), 3.342-3.196 (m, 1 H). 3.129-2.973 (m. 1 2/3 H). 2.715-2.662 (m, 1 
H), 2.285 (d. 2/3 H). 2.139 (d, 2/3 H), 1 .683-1.567 (m, 8 1/3 H), 1.503, 1.454, 1.427, 1.409 (4s, 12 H), 1.278- 
1.217 (m. 2 H). 0.708-0.628 (m, 2/3 H). 

40 FAB-MS calc. for C3iH38N405S2 610; found 611 (M^H. 32%). 

Step B: N-[1(R)-f(4\5'-dihydro-4-oxospin)[piperidine-4,6M6HlthienoI2,3-blthiopyranl-1-yl)carfaonylK^ 
(indol-3-yl)ethyll-2-amino-2-propanamide hydrochloride 

Prepared by the procedure described in Example 15, Step C. The intermediate from previous Step 
(200 mg, 0.033 mmol) and methanol (3 mL). Reaction time: 1.5 hours. Yield: 12.2 mg (69%). 

<5 iH NMR (400 MHz, CD3OD): The product exists as a mixture of two conformers (2:1): 5 7.562-7.022 (m, 
6 H). 5.513-5.446 (m, 6 2/3 H). 5.099-5.003 (m, 1 H), hidden 4.914-4.726 (m. 2A3 H), 4.178 (d, IH), 3.624 
(d, IH), 3.337-3.043 (m, 2 2/3 H), 2.760-2.660 (m. 1 H). 2.324 (d, IH). 2.234 (d. IH). 1.597, 1.587, 1.574, 
1.510 (4s, 4H), 1.364-1.225 (m, 3H), 0.562-0.482 (m, 2/3 H), -0.311 -0.391 (m, 2/3 H). 
FAB-MS calc. for C2BH30N4O3S2 510; found 511 (M-^H, 51%). 

so 

EXAMPLES 

N-t1(R)-I(3-hydrospiro[1H-isobenzofuran-1,4'-piperidin>r-yl)carbonyl>2-0 
propanamide hydrochloride 

55 Step A: N-[1(R)-{(3-hydPosplro[1H-lsobenzofuran-1.4'-piperidln]-1-yl)-carbonyl}-2-(indol-3-yl)eth^^^ 
[[(1,1-dimethylethyloxy)cart)onyllaminol-2-methyl propanamide 

Prepared by the procedure described in Example 3, Step B. 3-Hydrospiro[1H-isobenzofuran-1,4'-pi- 
peridine] hydrochloride(10mg, 0.044 mmd), (Bauer etal US 3985889) a(R)-n2-0(1»1-dimethylethoxy)car- 
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bonyt]amino>2.2-dimethy)-1-oxoethy1]amino]-1H-indole-3-propanoicacid (20 mg, 0.051 mmol), HOBT(1 
eq.), N-methytmorpholine (0.01 mL. 0.093 mmol), and EDC (20 mg, 0.10 mmol). Reaction time: 5 hours, 
rield: 21 mg(61%). 

The product exists as a mixture of two conformers (1:1): (^H NMR CDCia): 5 8.098 (s, 1 H). 7.669 (t, 
5 1 H). 7.341 (d. 1 H)» 7.244-6.611 (m. 6 H), 5.288^.202 (m. 1/2 H). 4.945 (br. s, 1/2 H). 4.161 (d, 1/2 H). 

4.003 (d, 1/2 H). 3.338 (d. 1/2 H). 3.280-3.115 (m. 2 H). 3.005-2.861 (m, 1 H), 2.751 (d, 1/2 H). 2.416 (d. 
1/2 H). 1.767-1.549 (m 3 1/2 H), 1.491, 1.461, 1.421, 1.410 (4s, 12 H). 1.281-1.212 (m. 3 H), 0.857 (I. 6 
H). 

FAB-MS calc. for C32H40N4O6 560; found 561 {M^H, 33%). 
10 Step B: N-[1 (R)-[(3-hydrospiro[1 H-isobenzof uran-1 .4'-piperidin^1 -yl)carbonyl>2-(indol-3-y0ethyll-2-ami- 

no-2'fnBthytpropanamide hydrochloride 

Prepared by the procedure described in Example 3, Step C. The intermediate from previous Step (20 

mg, 0.04 mmol) and methanol (3 mL). Reaction time: 1 hour. Yield: 182 mg (93.5%). 

iH NMR (400 MHz. CD3OD): The product exists as a mbcture of two conformers (1:1): 6 7.621-6.568 (m, 
15 8 H). 5.198-5.136 (m. 1 H). hidden 4.856 (br. s, 1 H). 4.098-4.045 (m. 1 H). 3.611-3.499 (m, 1 H). 3.346* 

3.110 (m, 5 1/2 H), 2.987-2.903 (m, 2 1/2 H), 2.618 (d, 1/2 H), 2.508 (d. 1/2 H), 1.691-1.473 (m, 8H), 1.271 

(br. s. 2 1/2 H). 0.081-0.006 (m, 1/2 H). 

FAB-MS cala for C27H32N403 460; found 461 (M+H. 96%). 

20 EXAMPLE 6 



N-[1(RM(3,4-dihydio-6-methyl-4^xospirD[2H-1-ben2opyran-2.4^piperidinl-1*-yi)carbon 
2-amino-2-methylpropanamide hydrochloride 

Step A: N-[1(R)-[(3,4-dlhydro-6HTiethyl-4-oxospiro[2H-1-benzopyran-2,4-piperidinl-r-y1)carbony1l-2-(ln- 
2fi dol-3'yl)ethyil-2-ir(1,1-dlmethyiethy<oxy)carbonyllamlnol-2-methylpropanamide 

Prepared by the procedure described in Example 3, Step B. 3,4-DIhydro-6-methyl8p!ro[2H-1-benzD- 
pyran-2,4 -piperidineH-one hydrochloride (20 mg, 0.056 mnfwi), (Hashigaki et al Chem. Pharm. Bull. 32 
pg 3561-3568 (1984)) a(R)-[I2-n(1,1-dimethylelhoxy)- carbonyl]am!no^2.2-di methyl- l-oxoethyijamlno]- 
1H-lndole-3-propanolc acid) (32 mg, 0.082 mmol). HOBT (1 eq.), N-methyl morphollne (0.03 mL, 0.28 
30 mmol). and EDC (40 mg. 0.21 mmol). Reaction time: 8 hours. Yield: 34 mg (86%). 

NMR (400 MHz, CDQa): The product exists as a mixture of two conformers (2:1): 6 8.154 (a, 2/3 H). 
8.088 (s. 1/3 H), 7.626 (d, 2/3 H), 7.591-7.060 (m, 6 H), 6.725-6.688 (m, 2/3 H), 5.265- 5.168 {m, 2/3 H), 
4.985-4.900 (m. 2/3 H), 4.2894.178 (m. 2/3 H), 3.469 (s. 2/3 H), 3.229-3.064 (m. 2 2/3 H), 2.730 (t, 2/3 
H). 2.562 (s, 2 1/3 H), 2.251 (d. 2 1/3 H), 2.158 (d, 2/3 H), 2.068 (d. 2/3 H), 1.660-1.541 (m, 3 H), 1.602. 
3S 1.475. 1.454. 1.427. 1.402 (5s, 15 H). 1.292-1^ (m, 3 H). 0.616-0.532 (m, 1/3 H). -0.495 -0.590 (m. 1/3 

H). 

FAB-MS calc. for C34H42N40e 602; found 603. (M^^H. 37%). 

Step B: N-[1(R)-[(3.4-dihydno-6-methyl-4-oxosplroI2H-1-benzopyran-2,4-piperidinh1-yl)carbonyl^2^^ 

dol-3-yl)ethyll-2-amino-2-methytpropanamide hydrochloride 
40 Prepared by the procedure described In Example 3. Step C. The intermediate from previous Step (20 

mg, 0.029 mmol) and methanol (3 mL). Reaction time: 3 hours. Yield: 1 7.5 mg (96.5%). 

NMR (400 MHz. CDCIa): The product exists as a mbcture of two conformers (2:1): 6 7.550-6.768 (m,7 

1/3 H). 5.089-5.016 (m. 2 H). hidden 4.672-4.679 (m. 1 H), 4.144-4.093 (m. 1 H). 3.569-3.485 (m, 1 H), 

3.321-3.081 (m. 21/3 H). 2.716-2.600 (m, 1 1/3 H), 2.253. 2.236.2.222, 2.196, 2.190, 2.155 (6s.4 H), 1.569, 
45 1 ,541. 1.475 (3s. 7 H). 1.388-1.237 (m, 3 2/3 H). 0.881.0.808 (m, 2 H). 0.434-0.420 (m, 2/3 H), 0.427-0.436 

(m, 2/3 H). 

FAB-MS calc. for C29H34N404 502; found 503 (M+H, 97%). 
EXAMPLE 7 

60 

l^[1(R)H[(3,4-dihydro^4H:)xosplrGl2H-1-benzopyran-2,4-tf 

propanamide hydrochloride 

Step A a(R)-[[2-[I(1,1-dimethylethyloxy)carbonyllamlnof2,2-dimethyl«1-oxoethynaminoH-phenyibuta- 
nolc acid, phenyimethyl ester 
55 A dichloromethane solution of 2(R)-amino-4-phenylbutanolc add, phenyimethyl ester, toluenesulfonic 

acid salt (6.0 g, 1 3 mmol) was extracted with dilute sodium hydroxide solution. The organic layer was dried 
over MgS04 and evaporated to give a residue. To the solution of the iBsidue, N-terl-butyloxycarbonyl-a- 
methylalanine (3.21g, 15.8 mmol), HOBT (1.7g, 13 mnwl) In dichloromethane was added EDC (5.1 g, 26 



35 



EP 0615 977 A1 



mmol) and the mixture was stirred overnight at room temperature. The mixture was then poured Into a 
mixture of brine and 3 N HCI and extracted with ethyl acetate. The organic extract was dried, evaporated, 
and purified by flash column chromatography, eluting with 40% ethyl acetate in hexane, to give the desired 
product (5.47g, 91%). 

5 <H NMR (400 MHz. CDOa): 6 7.34-7.07 (m, 10 H), 5.15 (d. Jab=12 Hz, 1 H), 5.08 (d. JBA=12 Hz. 1 H). 

4.86 (br. s. 1 H). 4.67-4.62 (m. 1 H). 2.61-2.53 (m, 2 H). 2.18-2.14 (m, 1 H). 2.01-1.96 (m, 1 H), 1.47 (s. 3 
H). 1.43(8. 3 H). 1.41 (3,9 H). 

Step B: a(R)-[I2-[[(1,1-dimethylethytoxy)carbonyllaminol-2,2-dimethyl-1-oxoethyOaminoH-phenylbuta- 
noic acid 

10 The intermediate from previous Step (5.37 g, 11 .8 mmol) was hydrogenated at room temperature and 

1 atm of H2 using 10% palladium on cart>on as catalyst (0.5 g) for 2 hours. The catalyst was filtered through 
celite and evaporated to give the title compound (4.22g. 100%). 

^H NMR (200 MHz. CD3OD): 5 7.804-7.143 (m. 5 H), 4.402-4.359 (m, 1 H). 2.672 (dl, 2 Hz. 6 Hz, 2 H). 

2.126-2.004 (m. 2 H), 1.483. 1.444 (2s, 5 H). 1.423 (s. 9 H), 1.412 (s. 3 H). 
IS Step C: N-[1(R)-[(3.4-dihydro-4-oxospiro[2H-1-benzopyran-2.4'-piperidlnl»1'-yl)carbonytl-4-phenyl butyl- 

2-11(1 ,1 -dimethylethyloxy)carbonyi)aminol-2-methylpropanamtde 

A solution of spiroI2H-1-benzopyran-2,4'-piperidin)-4(3H)-one (20 mg, 0.0.776) and the intermediate 

from previous Step (31 mg, 0.085 mmol) in dichloromethane was cooled to O^C and then HOST (1 eq.). 

N-methylmorpholine (0.1 mL, 0.90 mmol) and EDC (33 mg, 0.17 mmol) were added. The reaction mixture 
20 . was stirred at room temperature for 3 hours, until the reaction was judged complete by TLC analysis. The 

solutton was then washed with saturated sodium chloride and dried over anhydrous magnesium sulfata. 

The solution was then filtered and concentrated. Purification by silica gel chromatography provided the 

title compound (41 .6 mg, 95.5%). 

^H NMR (400 MHz. CDO^: The product exists as a mixture of two conformers (1:1): 6.853-6.925 (m. 9 
25 H). 4.936-4.668 (m, 2 H), 4.35&4^65 (mt. 1 H). 3.605-3.565 (m. iy2 H), 3.388-3.31 8 (m. 1 H), 3.022-2.965 

(m, 1 H). 2.686-2.608 (m, 3 H), 2.087-1.948 (m, 2 1/2 H), 1.871-1.810 (m. 1 H)» 1.580 (br. s, 2 H). 1.503. 
1.488, 1.455. 1.411, 1,403 (5s, 15 H). 1,292-1.227 (m. 2 H). 

Step D: N-^1(R)-[(3,4-dihyd^o^4^ospiroI2H-1-benzopy^an-2.4'-plperidin^r-yl)ca^t)onyt^^ 
2-amino-2-methylpropanamide hydrochloride 
30 A solutton of Intermediate from previous Step (40 mg, 0.071 mmol) in ethyl acetate was coded to 0"^. 

Then hydrochloric gas was bubbled Into solution for 2 minutes. The reaction was stirred for 15 minutes, 
until TLC indicated that the reaction was complete. The solutton was concentrated and the hydrochloric 
salt (33.8 mg, 95.5%) was used without purif icatton. 

^H NMR (400 MHz. CD3OD): The product exists as a mixture of two conformers (1:1): 6.271-8.229 (m. 1 
35 H). 7.799 (dd. 1 3/4 Hz. 7.84 Hz, 1 H), 7.545 (q. 1 H). 7.289-7.006 (m. 7 H), 4.7374.703 (m. 1 H). 4.277 

(d, 1/2 H), 4.186 (d. 1/2 H). 3.555-3.292 (m, 1 1/2 H), 3.187-3.068 (m. 1 H), 2.809-2.724 (2m. 2 H). 2.633- 
2.563 (m. 1 H). 2.085-1.927 (m. 3 1/2 H). 1.645. 1.639. 1.616 (3s. 6 H). 1.677-1.603 (m, 3H) 1.316-1.279 
(m.2H). 

FAB-MS cala for C27H33N3O4 463; found 464 (M-i-H. 54%). 

40 

EXAMPLE 8 

N-I1(R)-((3,4-dihydro-4-oxospiro[2H-1-benzopyran-2.4-piperidin>1'-yl)carbonyl>2-(phenytmethyloxy)^^ 
-amino-2-methylpropanamide hydrochloride 
46 Step A: N-[1(R-[3.4-dihydr<>-4-oxosplro[2H-1-benzopyran-2.4'-piperidin>1'-yl)cart>onytl-2-(phenylmethy- 
loxy)ethyl>2-n{1,1-dimethylethyloxy)carbonyllamino]-2-methylpropanamide. 

A solution of spiro[2H-1-b6nzopyran-2,4'-piperidin]-4(3H)-one (20 mg. 0.776) and a(R)-n2-Q(1.1 di- 
methylethyloxy)cart>onyi)-amino]-2.2-dimethyl-1-oxoethyl]amino)-3-(phenylmethyloxy)-3-propanolc acid 
(32 mg. 0.085 mmo!) in dichloromethane was cooled to O^'C and then HOBT (1 eq.), N-methylmorpholine 
so (0.1 mL. 0.90 mmol) and EDC (33 mg. 0.171 mmol) were added. The reactton mixture was stirred at room 
temperature for 4 hours, until the reaction was judged complete by TLC analysis. The solution was then 
washed with saturated sodium chloride and dried over anhydrous magnesium sulfate. The solution was 
then filtered and concentrated. Purification by silica gel chromatography provided the title oompound(40.8 
mg. 91%). 

55 FAB-MS calc. for C32H4iN307 579; found 580 (Mi-H. 23%); pound 480 (M-^H-IOO. 57%) loss of t-Boc pro- 

tecth^e group]. 

Step B: N-[1 (R-I(3.4-dihydro-4-oxospiro[2H-1 -beazopyran-2.4 -piperidlnH -yl)cart)onyll-2-(phenylmethy- 
loxy)ethy11-2-amino-2-methylpropanamide hydrochloride 
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Prepared by the procedure described in Example 3, Step D. The fntermediate from previous Step (35 
mg, 0.061. mmol) and ethyl acetate (10 mL). Reaction time: 1 hour. Yield; 30.2 mg (97%). 

NMR (400 MHz, CDaOD): The product exists as a mixture of two conformers (1:1): 6 7.800-7.792- (m, 
1 H), 7.533-7.578 (m, 1 H), 7.395-7.285 (m, 5 H). 7.088-7.015 (m. 2 H), 5.551-5.107 (m, 1 H), hidden 4.921- 
4.816 (m. 1 H), 4.535-4.518 (2s. 1 1/2 H), 4.295 (d. 1 H). 3.911-3.803 (m. 1 H). 3.717-3.703 (2s, 1 1/2 H). 
3.499-3.400 (m, 1 H), 3.309-3.291 (4s, 3 1/2 H), 3.211-3.051 (m. 1 H), 2.789 (q, 1/2 H), 2.633-2.513 (AB 
q. 1 H), 2.060 (t, 1 H), 1.897 (d, 1/2 H). 1.82M.725 (m. 1/2 H). 1.626-1.567 (6s. 6 H). 1.564-1.410 (m, 1/2 
H). 1.301 (br. 8, 1 1/2 H). FAB-MS calc. for C27H33N3OS 479; found 480 (M^H. 100%). 

EXAMPI-E9 

N-[1 (R)-[(6-chloro-3H-4-oxospiro[1 H-quinazoline-2.4'-piperidinl-1 '-yl)carbonyil-2-(indol-3-yi)ethyn-2-amino-2 

-methylpropanamide hydrochloride 

Step A: N-[1(R)-I(6-chlofO-3H-4-oxospiro[1H-quinazollne-2,4'-piperidinl-1 -yi)carbonyif2-(indd-^^^ 
hyll-2-[[(1,1-dimethyiethyloxy)carbonyllaminol-2-methyi-propanamlde 

Prepared by the procedure descrit>ed In Example 3, Step B. 6-Chlorospiro(piperidine-42(1'H)-<)uina- 
zolin)-4(3H)one hydrochloride (50 mg, 0.17 mmol), a(R)-[[2-(I(1,1-dimethyiethoxy)cart>onyt]amino]-2,2-di- 
methyi-1-oxoethyl]amlnol-1H-lndoIe-3-propanoic acid (81 mg. 0.21 mwoH), HOBT (1 eq.), N-methyl mor- 
pholine (1 eq.), and EDC (60 mg, 0.42 mmol). Reaction time: 3 hours. Yield 64.5 mg (60%). 
FAB-MS calc for C32H39N606a 623; found 624 (M+H. 29%). 

Step B: N-[1(R)-[(6 chlorD-3H-4-oxo8piro[1H-quinazoline-2,4'-plperidinl-V-yDcarbonyt]-2-(indol-3- 
yt)ethyll-2-amino-2-methylpropanamide hydrochloride 

Prepared by the procedure described In Example 7, Step D. Intermediate from previous Step (50 mg, 
0.08 mmol). Reaction time: 1 hour. Yield: 40 mg (89.5%). 
FAB-MS calc. for CzTHaiNeOsO 523; found 523 (M*i^H. 71%). 

EXAMPLE 10 

W(R>'[(1t4-dihydro^phenyl-1-oxospiro[3H-2-benzopyran-3,4-piperidin^r-yl)carbonyl}-2^ 

2-amlno-2-methylpropanamide hydrochloride 

Step /V: 1,4-Dlhydro-4-phenyispirD(3H-2-benzopyran-3,4*-piperidine)-1-one 

Prepared by the procedure described in Example 3, Step A from 1'-benzyi-1,4-dihydro^pheny)- 
8p!ro(3H-2-benzopyran-3,4 -pip6r1d]ne)-1-one hydrochloride, (8 mg, 0.019 mmol) and ethanol (5 mL). Re- 
action time: 45 minutes. Yield 5.5 mg (98.5%). 
FAB-MS calc. for C1SH19NO2 293; found 294 (Mi-H, 93%). 

Step B: N-I1(R)-[(1,4-dihydro-4-phenyl-1-oxospiro[3H-2-t)enzopyran-3,4^piperidin>1 ■yl)cart)oriyl}-2-(in- 
dol-3-yl)ethyll-2-|I(1,1-dimethylethyloxy)carfaonyl]amino}-2-methylpropanamide 

Prepared by the procedure described In Example 3, Step B. The intermediate from previous Step (5 
mg, 0.017 mmol), a(R)-D2-|I(1,1-dimethylethoxy)carbonyl]amino)-2,2-dinriethyl-1-oxoethyl]amino]-1H-in- 
dole-3-prDpanoic acid (12 mg, 0.030 mmol). HOBT (1 eq.), h4-methyl morphoiine (1 eq.), and EDC (12 mg, 
0.060 mmol). Reaction time: 5 hours. Yield: 9.2 mg (86%). 

NMR(400 MHz, CD3OD): The product exists as a mixture of two confonmers (1:1): 6 8.185-8.072 (m. 
1 1/2 H), 7.885 (s. 1/2 H). 7.710-6.813 (m; 12 H), 5.331-5.309 (m; 1/2 H), 5.198-5,111 (m, 1/2 H), 4.710- 
4.605 (m. 1/2 H), 4.300^.235 (m. 1/2 H), 3.876 (d, 1/2 H). 3.719-3.617 (m, 1 H). 3.355-3.046 (m; 1 1/2 H) 
2.746 (q. 1/2 H), 2.006-1.960 (m. 1 H). 1.678-1.574 (m. 2 H). 1.438, -1.368 (m. 6 H), 1.257. 1.240, 1.227. 
1.208, 1.186 (5s. 5 H). 

Step C: N-(1(R)-[(1,4-dihydro-4-phenyl-1-oxospiro[3H-2-benzopyran-3,4'-piperidtn]-1 -yl)cart>onyl}-2-(ln- 
dol-3^yl)ethyl^2-amino-2-methylpropanamlde hydrochloride 

Prepared by the procedure described in Example 7, Step D. Intermediate from previous Step (9 mg, 
0.015 mmol) and ethyl acetate (10 mL). Reaction time: 1 hour. Yield: 8 nr>g (97%). 
^H NMR(400 MHz, CDO^i: The product exists as a mbaure of two confonners (2:1): 6 8.347-8.333 (m, 1 
H). 8.043 (t. 1/2 H), 7.662-6.869 (m, 12 1/2 H), 5.355-5.315 (m, 1/2 H), 5.108-5.061 (m, 1/2 H). hidden 
4.897-4.768 (m, 1/2 H), 4.174^.103 (m. 1/2 H). 3.717-3.526 (m. 1 H), 3.387-3.237 (m, 2 H), 3.179-3.067 
(m, 1 H), Z660 (q. 1/2 H). 2.044-1.981 (m, 1 H), 1.655-1.212 (m, 11 H). 0.964-0.820 (m. 2 1/2 H), 0.575- 
0.423 (m, 1/2 H). -0.271- -0.448 (m. 1/2 H). 
FAB-MS calc. for C34HMN4O4 564; found 565 (M^H. 25%). 
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EXAMPLE 11 

N-[1(R)4(3.4^dihydfD-4-oxospiro[2H-1-benzopyrarv2,4'-piperidin 
2-m6thy1propanamide hydrochloride 
5 Step A: N-[1(R)-C(3,4-dihydro-4>oxospiro[2H-1-benzopyran"2,4'-piperidinV1'-yO<arbonyl>2-Ondoi-3*^^^ 
hyl>2-[[(1J-dimethylethy<oxy)caitonyl]amino]-2-methylpropanamide 

This intermediate was prepared from o(R)-[I2-([(1,1-dimethylethoxy)carbonyl]aminol-2,2-dlmethyl-1- 
oxo6thyl]amino}-1H-lndo]e-3-propanoic acid (903 mg, 2.3 mmol) and spiro[2H*1-benzopyran-2,4- 
piperidinH(3H)-one. hydrochloride (535 mg. 2.11 mmol) (Elliott. J. et al. J. Med. Chem. 1992, 35, 3973- 
to 3976) by the procedure described in Example 25. Step A(1.25 g, 100%). 

NMR (400 MHz, CDQa): compound exists as a mixture of conformers (ratio 2:1): 6 8.42, 8.31 (2s, 1 H), 
7.79. 7.75 (2 dd, 1.6 Hz, 7.8 Hz. 1 H). 7.68. 7.66 (2d. 8.0 Hz. 7.6 Hz, 1 H). 7.47-6.78 (m. 8 H). 6.37-5.15 
(m. 1 H), 4.98. 4.94 (2 br. s. 1 H). 4.24. 4.18 (2 br. d, 1 H). 3.40, 3.32 (2 br. d. 2 H). 3.23-3.02 (m, 3 H). 2.73 
(dt, 3 Hz. 13 Hz. 1 H). 2.47 (d. 2 Hz. 1/3 H), 2.17 (d. 16.6 Hz. 2/3 H). 2.08 (d. 16.7 Hz. 2/3 H). 1.84 (br. s. 
16 2 H). 1.70-1.60 (br. dd. 1 H). 1.3-1.2 (br. dd, 1 H). 0.56 (dt. 4.6. 13.8 Hz, 2/3 H), -0.55 (dt, 4.6, 13.8 Hz, 2/3 
H). FAB-MS: cafe, for C33H40N4O8, 588; found 595 (M-^U. 100%). 

Step B: N-{1 (R)-[(3,4-dihydro-4-oxosplro[2H-1 -benzopyran-2,4'-plperidlnl-1 '-yl)carbonyl]-2-<lndoi>3-yl)et- 
hyil-2-amlno-2-methylpropanamide hydrochloride 

To a stirred solution of the intermediate prepared in Step A (1.0 g, 1.7 mmoSj in methanol (5 mL) was 
20. added concentrated hydrochloric acM (5 mL). The reaction mbdure was stirred at room temperature for 
one hour and 20 mL of toluene was added and the mixture was evaporated in vacuo . This procedure was 
repeated twice to give the title compound (0.87 g, 98%). 

^H NMR (400 MHz. CD3OD): compound exists as a mixture of oonformere (ratio 2:1): 6 7.76-6.90 (m. 10 
H), 5.11 (dd. 5.11 Hz. 1 H). 4.16. 4.11 (2 td, 2.0 Hz, 14 Hz. 1 H), 3.60. 3.33 (2 md, 14 Hz. 1 H), 3.26-3.10 
25 (m. 2 H), 2.92-2.67 (m 2 H). 2.30-2.17 (AS. centered at w.23. 16.7 Hz. 2 H). 2.85-2.80 (br. d, 1/3 H). 1.60, 
1.59 (2s, 6 H). 1.70-1.50 (m. hidden). 1.40-1.30 (md. 1 H). 0.47 (dt, 5.5. 13.5 Hz, 2/3 H), -0.38 (dt. 5.5, 
13.5 Hz, 2/3 Hz). FAB-MS: calc. for C28Ha3N404. 488; found 489 (M*i-H. 100%). 

EXAMPLE 11A 

30 

N-[1(R)-[(3.4-dlhydrD^(RS)-hydroxy8piro|2H-1-benzopyran-2.4'-p^peridin^1^yl)carb^ 
2-amino-2-methylpropanamide 

To a stirred solution of the title compound in Example 11 (55 nf>g. 0.09 mmol) In methanol (5 mL) at O^'C, 
was added sodium borohydride (16 mg, 0.4 mmol) in several portions. After stirred at O'^C for 30 minutes the 
35 mbcture was evaporated to dryness and dissolved In dichloromethane and purified by flash column eluting with 
10% methanol in dichloromethane to give the title compound (35 mg, 78%). 

^H NMR (400 MHz, CDaOD): compound exists as a mbcture of 2 diastereomere (1:1) and each isomer exists 
as t¥vo conformere (ratio 2:1): 5 7.69-6.66 (m. 9 H), 5.14-5.06 (m. 1 H), 4.52-4.45 (2 dd, 1 H)» 4J22-4.10 (2 md, 
1 H). 3.58-3.44 (2 md. 1 H), 3,25-3.14 (m. 2 H). 3.10-2.59 (4 dt, 1 H). 2.02 (dd. 6.2. 14.7 Hz, 1/3 H). 1.79-1.74 
40 (dd. 1/3 H). 1.60-1.40 (m. 3 H). 1.37. 1.31.1.28, 1.28. 1.26 (4 s, 6 H). 1.3-1.05 (m. hidden), 0.71. 0.49 (2 dt, 
5.6.13.5 Hz, 2/3 H). -0.20. -0.47 (2 dt,4.6, 13.5 Hz. 2/3 H). FAB-MS: calc. for C28H34N4O4, 490; found 491 (M^H, 
100%). 

E)(AMPLE 12 

45 

N^1(R)^(3.4-dlhydro-$pirD[2H-1-benzopyran-Z4'-piperidinVr-yl)carbony^^ 
propanamide hydrochloride 

Step A 3,4'Dlhydrospiro[2iH-1-t>enzopyran-2.4'-plperidlne] 

To a stirred solution of the spiro[2H-1-benzopyran-2.4*-p!peridin]-4(3H)*one. hydrochloride (53 nrtg. 
so 0.21 mmol) In methanol (5 mL) at 0°C, was added sodium borohydride (38 mg, 1 mmol) in several portions. 
After 30 minutes the mbcture was evaporated and then treated with concentrated hydrochloric acid (2 mL) 
for 30 min. Evaporation gave a residue which was hydrogenated with palladium on cart>on (10%. 10 mg), 
H2 (1 atm) in ethanol for two houre. Filtration to remove the catalyst gave the crude intermediate (89 mg) 
which was used without further purification. 
55 1H NMR (400 MHz. CD3OD): 7.07 (appeare as d. 5 Hz. 2 H). 6.84 (appeare as t. 7 Hz, 2 H). 7.07-7.08 (m, 
4 H). 2.82 (t, 7 Hz. 2 H)» 2.02 (br. d, 14.5 Hz, 2 H). 1.90-1.85 (m, 4 H). EI-MS: calc. for C13H17NO. 203; 
found 203 (M-i^. 45%) 

Step B: r^[1(R)-[(3.4-dihydro-spiro[2H-1-benzopyran-2.4'-piperidin>1^yl)carfaonyl>2-(indol-3-y1)eth^^^^ 
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n(1 ,1 -d!methylethyloxy)carbonyl)amino]-2-m8thylpropanamide 

This Intermediate was prepared from the product of Step A and a(RH[2-[[(1,1-dimethy!ethoxy)cart)0- 
nyl]amino]-2.2-dimethyl-1*oxoethyt]ainino}-1H-indole-3-propanoic acid following standard peptide cou- 
pling methods. 

NMR (400 MHz, COa^): compound exists as a mixture of conformers (ratio 2:1): 6 8.04, 8.02 (2s. 1 H). 
770, 7.61 (2d. 8 Hz. 1 H). 7.49-6.66 (m, 1 H), 4.92 (br. s. 1 H), 4.30-4.20 (m. 1 H). 3.4-3.1 (m. 4 H). 2.85- 
2.45 (m. 3 H). 1.68 (t, 7.6 Hz. 1 H). 1.49. 1.45. 1.44. 1.43. 1.41 (5 s. 12 H). 1.30-1.21 (m. 3 H), 1.11-1.07 
(dd, 2.5. 14 Hz. 1/3 H), 0.68 (dt. 4.5 Hz, 1 3 Hz. 1/3 H). -0.33-0.43 (dt, 1/3 H). FAB-MS: calc. for C33H42N405. 
574; found 575 (M+H. 35%). 

Step C: N-[1 (R)-[(3.4-dihydfo-spiro[2H-1-benzopyfan-2.4'-piperidlnl-1'-yl)carbonyq-2-(lndo1-3-yl)8thyll-2- 
amino-2-methylpropanamide hydrochloride 

The title compound was prepared from the intermediate in Step B according to the procedure descri- 
bed in Example 11 . Step B. (90%). 

^H NMR (400 MHz. CD3OD): compound exists as a mbaure of conformers (ratio 2:1): 5 8.31.8.21 (2 d. 6.6 
Hz. 2/3 H). 7.58. 7.52 (2 d. 7.8 Hz, 1 H). 7.37 (d. 8.2 Hz. 1 H). 7.15-6.60 (m, 6 1/3 H), 5.17-5.13 (m. 1 H). 
4.14 (br. d, 13.2 Hz. 1 H), 3.35-3.10 (m 3 H), 2.90-2.45 (m. 3 H), 1.70 (t, 6.9 Hz, 1 H), 1.60 (s, 6 H), 1.60- 
1.40 (m. hidden). 1.40-1.20 (m, 2 H), 1.11 (br. d. 12.7 Hz. 2/3 H). 0.57 (dt. 4.3. 13 Hz, 2/3 H). -0.31 (dt, 4.3, 
13, 2/3 H). FAB-MS: cal& for C28H34N4O3, 474; found 475 (Mt^H. 60%). 

EXAMPLE 13 

N-[1(R)-[(3,4-dlhydrD-6-methanesulf6nylanriino^xo-spiro[2H-1-benzopyran-2,4'-piperidin}-1-^ 
(indol-3-yl)ethyll-2-amino-2-methy1propanamide hydrochloride 

The title compound was prepared from a(R>-([2-D(1.1- dimethytethoxy)carbonyl]amino}-2.2-dimethyl-1- 
oxoethyqamino}-1 H-lndoie-3-propanoic acid and 3,4-dihydro-6-methahesulf6nylamino-4-oxo-8plro[2H-1-ben- 
zopyran-2.4 -piperidine] follov^ng procedures described in Example 10. Steps A and B. 
N-[1 (R)-((3.4-dihydro-6-methanesulfonylamino-4-oxo-spiro [2H-1- benzopyran-2.4'-piperidinl-1 '-yl)carbonyt]- 
2-(indol-3-yt)ethyl]-2-II(1,1-dimethylethyloxy)cart)ony1]amino]-2Hmethyipropanamide. 
^H NMR (400 MHz, CDC^s): compound exists as a mixture of confonmere (ratio 2:1): 5 8.60, 8.36 (2 br. s, 1 H), 
7.63-6.81 (m, 8 H). 5.20 (br. s. 1 H). 5.10-5.02 (br. m. 1 H), 3.45-3.30 (br. m, 1 H). 3.25-3.10 (br. m, 2 H). Z97, 
2.95 (2s. 3 H). 2.75-2.56 (m, 1 H), 2.28 (v. br. s, 1 H), 2.18 (d. 16.6 Hz, 1 H). 2.05 (d. 16.6 Hz, 1 H), 1.86-1.45 
(m, hidden). 1.51. 1.46. 1.44. 1.43, 1.42, 1.39 (6 s, 12 H). 1.30-1.20 (m. 2 H), 0.65-0.45 (m, 2/3 H). -0.55-0.65 
(m. 2/3 H). FAB-MS: calc. for C34H43N5O6S, 681; found 688 (Mi-U. 40%). 
N-([1(R)-((3,4-dihydro-6-methanesulionylamino-4-oxo-spiro[2H-1-benzopyran-2,4'-piperidin]-V 
-(indol-3-yl)ethyl]-2-amlno-2-methylpropanamlde hydrochloride. 

iH NMR (400 MHz, CD3OD): compound exists as a mixture of conformers (ratio 2:1): 6 7.63-6.92 (m. 8 H), 
5.14-5.08 (m, 1 H). 4.18-4.08 (2 md. 1 H), 3.62-3.51 (2 md, 1 H). 3.25-3.10 (m. 2 H). 2.91, 2.89 (2 s, 3 H). 2.78- 
2.67 (2 dd. 2 Hz. 15 Hz, 2 H). 2.27 (d. 16.7 Hz. 1 H). 2.19 (d, 16.6 Hz, 1 H), 1.86-1.80 (m, 1/3 H). 1.80-1.50 
(m, hidden ), 1.60, 1.59. 1.48 (3s, 6 H), 1.40-1.30 (m, 1 H), 0.47 (dt, 4.8 Hz, 13 Hz, 2/3 H). -0.39 (dt. 4.8 Hz. 
13 Hz. 2/3 H). FAB-MS: calc. for C29H35N5O6S, 581; found 582 (MfH, 75%). 

EXAMPLE 14 

N-[1(R)-[(3,4-dihydro-4(RS)-hydroxy-6-methanesulfonylaminospirot2H-1-benzopyran-2,4-piperidinH''^ 
bonyll-2"(lndol-3-yl)ethyll-2-amlno-2-methyipropananrtide 

The title compound was prepared from the title compound in Example 1 3 following the procedure described 
in Example 11A. 

^H NMR (400 MHz, CD3OD): contpound exists as a mbcture of 2 diastereomere (1:1) and each isomer exists 
as two conformere: S 7.62-7.50 (m. 1 H). 7.42-7.29 (m, 2 H). 7.17-6.98 (m. 4 H), 6.68 (d. 8.7 Hz. 1 H). 5.15- 
5.05 (m. 1 H), 4.75-4.65 (m, 1/3 H), 4.57 (dd. 7 Hz. 9 Hz. 1/3 H). 4.44 (dd. 6.5 Hz, 9.0 Hz. 1/3 H), 4.21-4.07 
(m. 1 H), 3.56-3.44 (m. 1 H). 3.28-3.12 (m. 3 H), 3,08-3.01 (m. 2/3 H). 2.89, 2.86 (2s. 3 H). 12.82-2.55 (m, 1 
H), 2.03 (dd, 6.0 Hz, 13.8 Hz, 1/2 H), 1.86 (dd. 6.0, 13.7, 1/2 H). 1.70-1.35 (m. 3 H). 1.33, 1.32. 1^1, 1.28. 
1.24 (5s. 6 H), 1.33-1.29 (m. hidden), 1.06 (br. d. 13 Hz, 1/3 H), 0.71 (dt, 4.6 Hz, 13 Hz, 1/3 H), 0.49 (dt, 4.6 
Hz. 13 Hz, 1/3 H). -0.21 (dt. 4.6 Hz, 13 Hz, 1/3 H), -0.49 (dt. 4.6 Hz, 13 Hz. 1/3 H). FAB-MS: calc for 
C29HS7N5O6S, 583; found 584 (Mi-H, 20%). 
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EXAMPLE 15 

N-I1 (RH(2-acetyl'1 ,2,3,4>tetrahydrosplrDrtsoquinolin»4,4*>piperidinl-1 '-yl)cart)onyl}-2»(lndol'3-yl)ethyfl-2-amino- 
2-methy1propanamide, hydrochloride 
5 Step A: 1,3-dihydro-1.3-dihydroxyspiro[4H-2-ben2ofuran-4,4'-piperidinel-1'-carfaoxylic acid, 1.1-dimethy- 

lethyl ester 

To a stirred solution of spiro[1H-indene-1.4-piperidlne]- 1'-carl)oxylic acid, 1.1-dimelhylethyl ester 
(800 mg. 2.8 mmol) in methanol (50 mL) at -78''C, was bubbled ozone until the solution turned blue. The 
mixture was let stand at that temperature for 20 minutes, then purged with nitrogen. Dimethyl sulfide (3 

10 mL) was added and the mbcture was wanmed to room temperature and stirred for two hours. Evaporation 
of the solvent gave a crude product (940 mg) which was used without purification. 
Step B: 1,2,3,4-tetrahydrospiropsoquino!in"4.4'-piperidine]'V'Carfaoxyllc acid, 1.1 -dim ethyl ethyl ester 

The intermediate of Step A (100 mg) was stinred in methanol (2 ml) saturated with ammonia for one 
day, and evaporated to remove ammonia. The residue was redissolved in methanol (3 mL) and sodium 

IS cyanoborohydride (50 mg. excess) was added. The mbcture was stinBd overnight. Evaporation and puri- 
fication gave the amine. 

iH NMR (400 MHz, CDgOD): 6 7.35-6.96 (m, 4 H). 4.00 (s, 2 H). 3.14 (s, 2 H), 3.90 (br. s, 2 H). 2.05 (br. 
8. 2 H), 1.95 (br. t, 2 H), 0.69 (d. 2 H), 1.49 (s. 9 H). 

StepC: 2-Acetyl-1,2,3,4-tetrahydro8plropsoquinolin-4,4- piperidine]-1'-cart)0xyiic acid, 1,1-dimethylethyl 
20 ester 

The intermediate (16 mg) from Step A was treated with pyridine (2 mL) and acetic anhydride (2 mL) 
for 2 hours and the reaction mixture was evaporated in vacuo to afford the desired compound (12 mg). 

NMR (400 MHz. CDQs, compound exists as a mixture of 3:1 rotanters): 6 7.36-7.05 (m, 4 H), 4.72 (s. 
2/4 H), 4.65 (s, 6/4 H), 4.1(M.O0 (br. d. 12.8 Hz, 2 H). 3.85 (br. 8, 3/4 H), 3.65 (s, 1/4 H). 3.11 (U 13.1 Hz, 
25 3/4 H), 3.00 (t, 1 3.1 Hz, 1/4 H), 2.1 9 (s, 3/4 H), 2.18 (8, 9/4 H) 2.00-1.80 (m, 2 H), 1/65-1 .47 (m, 2H, hidden), 
1 .47 (s, 9/4 H), 1 .45 (8, 27/4 H). 

Step D: 2-Acetyl-1,2.3,4-tetrahydro8piro[i8oqulnolin-4,4'-piperidinel 

To a solution of intermediate from Step C (12 mg) in ethyl acetate (5 mL) at O^'C, was bubbled HCI 
(gas) until it is saturated. After 30 minutes, the reaction mixture was evaporated in vacuo to afford the 

30 desired Intemrtediate. 

iH NMR (400 MHz, CD3OD): 8 7.47-7.19 (m, 4 H), 4.79 (s, 2 H), 3.96 (s, 2 H), 3.36 (br. d. 6.7 Hz, 2 H), 
2.30.2.24(m,1 H).2.21 (8,3H).1.76(d,13Hz).FAB-l^:calc.forCi6H2oN20,244;found245(M4>1,100%) 
Step E: N-[1(R)-[(2-Acetyl-1 ,2,3,4-tetrahydrQsplropsoquinoll^4.4'-piperidin}-1'-yOcarbonyn-2-(indol-3-yi)et- 
hyil-2-I[(1,1-dlmethylethyloxy)carbonyllaminol-2-methylpippanamide 

35 Title compound was prepared from the intermediate from Step D according to the procedures descri- 

bed previously. 

EXAMPLE 16 

40 N-[1(R)-[1.2-dihydro-1-n>ethylsulfonytspiro[3H-indole-3,4'-piperidin>r-yl)caibonyt^ 
oxy)ethyl|-2-amino-2-methylpropanamide hydrochloride 

Step A: methyl a(R)-[[2-[[(1 . 1-dimethylethoxy)cartx)nyi]amino]-2.2-dimethyl-1-oxoethyl]aminol-3[(2',6 -di- 
fluorophenyl)methoxy]propanic acid 

Oil free sodium hydride (prepared from 60% oil dispersion of sodium hydride by washing with hexanes 

45 (3X). 1 .2 g, 30.0 mmde). suspension In 30 mL N,N-dimethylformamide was added N-t-butyloxycarfoonyl- 
(D)-serine (3.07 g, 15.0 mmole) In 10 mL N,N-dimethylformamide at room temperature. When no more gas 
evolves 2.&-diflorobenzyl bromide (2.68 g, 12.9 mmole) was added. After 18 hours stirring at room tem- 
perature, iodomethane (1 .0 mL, 16.0 mmole) was added to the reaction mixture. The mixture was stirred 
another 1 hour, and then poured into water, and extracted with ethyl ether. The organic layer was washed 

50 sequentially with water (5X), brine and dried over sodium sulfite, filtered and concentrated. The residue 
was dissolved in 20 ml of chloroform and BOC-a-methylalanine, EDC. HOBT, and EtsN were added at room 
temperature. After 3 hours the reaction mbcture was poured into water and extracted with methylene chlor- 
ide. The organic layer was dried over sodium sulfate and concentrated. The title compound was obtained 
after purification by chromatography, (hexane/ethyl aoetate:3/1) to give 2.37 g (35%). 

55 ^H NMR (300 MHz. CDCI3 mbcture of rotamers): 7.27 (m, 1 H), 7.02-6.88 (m. 2 H), 4.95 (m, 1 H). 4.72 (dt, 
8. 3 Hz, 1 H). 4.58 (br. s, 2 H). 3.90 (m, 1 H). 3.78 (s, 1 H), 3.69 (s, 3 H), 1.48 (s, 3 H). 1.45 (s, 3 H), 1.41 
(s. 9 H). 

Step B: N-[1(RH1>2-dlhydro>1>methylsulfbnyl8pfro[3H-indole-3,4'-piperidin>1^yl)carbonyl^2-^ 



40 



EP 0 615 977 A1 

fluorDphenylmethyloxy)ethyl]'2-amino-2-fnethylpropanamide hydrochloride 

A solution of the intermediate obtained from this Example. Step A (2.37 g, 5^9 mmole) In 30 mL of 
methanol was added lithium hydroxide (340 mg, 8.1 mmole) in 3 mLof water. After 2 hours stirring at room 
temperature, the reaction mixture was concentrated, and then diluted with water, extracted with ethyl 
ether. The organic layer was discarded. The aqueous layer was acidified with 1 N hydrochloric acid to 
pH=1.5 and extracted with ethyl ether (3X). The organic layer was dried over sodium sulfate, filtered, and 
concentrated to give 2.18 g (95%) of acid. The title compound was prepared from acid (78 mg, 0.18 mmole). 
and 1,2>dihydro-1-methy1sulfonylsplro[3H- indole-3.4'-piperidine hydrochloride (50 mg. 0.165 mnwie) by 
the procedure described in Example 20, Step B (use hydrochloride in ethyl ether instead of trif luoroacetic 
acid) to give 48 mg (44%). 

iH NMR (400 MHz, CD3OD mixture of rotamers): 7.39 (m. 2 H), 7.22 (m, 1 1/2 H). 7.03 (m, 3 1/2 H), 5.14 
(dd, 13. 7 Hz, 1 H), 4.66 (d, 16 Hz. 2 H). 4.49 (m, 1 H), 4.09 (m, 1 H), 3.92 (br. s. 2 H), 3.76 (m, 2 H), 3.25 
(m. 1 H), 2.97 (s. 3/2 H). 2.98 (s. 3/2 H). 2.87 (m, 1 H). 1.95 (m, 1 H). 1.76 (m. 3 H), 1.61 (8, 3/2 H), 1.57 
(s. 3 3/2 H), FAB-MS: 565 (M+1). 

EXAMPLE 17 

N-[1(R)4(1,2-dlhydro-1-methylsulfonylsplro[3H'indoie-3,4^plperidin^r-yl)caftK^ 
2-methytpropanamlde hydrochloride 
20 Step A: t-butyloxycarbonyl-(D)-hexahydrohomophenylaianine 

A solution of t-butyloxycarbonyl-(D)-homophenylalanine (100 mg. 0.358 mmole) In 1 mL acetic acid 
was hydrogenated over Pt02 at one atmosphere for 1 6 hours. The mixture was filtered through Celite and 
the filtrate concentrated and azeotroped with toluene. 

iH NMR (400 MHz. CDQa): 5.03 (d. 8 Hz, 1 H), 4.22 (m. 1 H). 1.82 (m, 1 H). 1.64 (m, 6 H). 1.41 (s. 9 H), 
25 1.20(m,6H).0.84(m,2H). 

Step B: benzyl a(R)-B2-n(1 ,1-dimethylethoxy)carbonyl]aminol-2.2-dimethyH'OXoethyllamlnoH-cydo- 
hexylbutanoic add 

A solution of BOC-D-homaphenylalanlne In acetic acid was hygrogenated over Pt02 at one atmos- 
phere for 16 houra. The mixture was filtered through celite and concentrated. To this residue (44 mg) in 

30 15 md DMF was added benzyl bromide (198 ml) and K2CO3 (970 mg) at room temperature. After stirring 
overnight, the mixture was poured Into 200 ml of ether and washed with water. The organic phase was 
dried over MgS04. filtered and concentrated. The residue was purified by flash chromatography (silica 
gel, 7.5% ethyl acetate in hexanes) to provide 534 mg (95%) of this intermediate. A solutbn of 534 mg of 
this material in 10 ml 1:1 TFA/CH2CI2 was stirred for 1 hour then stripped and azeotroped from tduene. 

35 The residue was dissoVed in 1 0 ml CH2CI2 and cooled to O'^C. BOC-a-nrtisthylalanlne (362 mg), EDC, HOBT 
and NMM were added and stirred overnight The solution was poured into 250 ml ethyl acetate and wastied 
sequentially with 1 N NaHS04 (aq.), water and saturated aqueous NaHCOs. The organic phase was dried, 
filtered and concentrated. Purified by flash chromatography (silica gd, ethyl acetate/hexanes) to provide 
638 mg of the title compound. 

40 iH NMR (200 MHz, CDO^): .8-.9S (m, 3 H). 1.05-1.3 (m. 7 H). 1.4-1.9 (m, 19 H), 2.15 (m. 2 H). 4.59 (m, 1 

H), 4.87 (m, 1 H), 5.1 8 (m. 2 H), 6.96 (m, 1 H), 7.35 (m, 5 H). FAB-MS calculated for C2BH40N2O6 460; found 
461.5 (M+H). 

Step C: N-[1(R)-[(1.2-dihydro-1-methylsuifonylspiro[3H-indde-3,4'-plperidinl-1-yl)cartoonyl^3-cydohe^^ 
ylpropyl}-2-amino-2-methylpropanamide hydrochloride 
45 A mbcture of 638 mg of the intermediate obtained In Step B and 100 mg of 10% Pd on carbon was 

stirred under a t>alloon containing H2 for 4 hours. The mixture was filtered through Celite and the filtrate 
was concentrated. A portion (87 mg) of this residue was dissolved in 2 ml CH2CI2 and 49.8 mg of 1 ,2-di- 
hydro-1-methylsulfonytspiroI3H-indde-3.4'-plperldine hydrochloride, EDC and HOBT were added and stir- 
red for 16 hours. The solution was poured into 200 ml ethyl acetate and washed sequentially with 1N NaH- 
50 SO4 (aq.), water and saturated aqueous NaHCOa. The organic phase was dried, filtered and concentrated. 
Purified by flash chromatography (silica gel, 60% ethyl acetate/hexanes) to provide 55 mg (47%) of this 
intenmediate. Ail of this material vras dissolved in 2 ml 1 :1 TFA/CH2CI2 and stinred for 1/2 hour. The sdution 
was stripped and the residue was purified by flash chromatography (silica gel, methand. NH40H(aq.), 
CH2CI2). The compound was then dissdved in CH2CI2. treated with HCI in ether and concentrated to pre- 
ss vide the title compound. 

^H NMR (400 MHz, CD3OD): .93 (m, 2 H). 1.15-1.3 (m. 6 H), 1.55-1.8 (m. 1 H). 2.08 (dt, 15, 4 Hz. 1 H). 
2.88 (m, 1 H), 2.97 (m, 1 H), 3.35 (m, 2 H), 3.8-4.1 (m, 3 H). 4.51 (m. IH), 4.83 (m, IH). 7.06 (q, 7 Hz. IH), 
7.22 (m. 2H). 7.37 (d, 8 Hz, 1H). 
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FAB-MS calculated for C27H42N4O4S 518; found 519.7 (M^i^H) 
EXAMPLE 18 (METHOD 1) 

5 W (RH(1 .2'DihydrD-1 HTiethanesulfonylspiroPH-indole-3,4 -piperdin^ V>yl)cartx)ny^^ 
2»ainino-2-methylpropanamide hydrochforide 

Step A: 1 ,2"Dihydro-1-fnethanesulfonytspifo[3H-indole-3,4'-pipeitiine]hydrochlori 

To a solution of 1.20 g (5.8mmol) of 1 -methyl-1,2- dihydro-spiro[3H-lndole-3,4'-pip6rdlne] (prepared 
as described in H. Ong etal J. Med. Chem, 1983, 23. 981-986) in 20 mL of dry dlchloromethane at 0*'C 

10 was added triethylamine (0.90 mL: 6.4 mmol) and methanesulfonyl chloride (0.49 mU* 6.35 mmol) and stir- 
red for 30 min. The reaction mixture was poured into 15 mL of saturated aqueous sodium bicart>onate sol- 
ution and extracted with dichloromethane (2X10 mL). The combined organics were washed with brine (20 
mL), dried over anhydrous potassium carbonate, filtered and the solvent removed under reduced pressure 
to yield 1 .44 g of the methanesulfonamide derivative as pale yellow oil which was used without purification. 

IS To a solution of above crude product in 20 mL of dry 1,2-dichloroethane at O^C was added 1.0 mL 

(9.30 mmol) of 1-chloroethyt chloroformate, and then stirred at RT for 30 min and finally at reflux for 1h. 
The reaction mbdure was concentrated to approximately one third of the volume and then diluted with 20 
mL of dry methanol and refluxed for 1.5h. The reaction was cooled to RT and concentrated to approxi- 
mately one half of the volume. The precipitate was filtered and washed with a small volume of cold me- 

20 thanol. This yielded 1.0 g of the piperidfne HCI salt as a white solid. The filtrate was concentrated and a 
small volume of methanol was added followed by ether. The precipitated material was once again filtered, 
washed with cold methanoL and dried. This gave an additional 0.49 g of the desired product Total yield 
1.49 g (70%). 

iH NMR(CDCl3. 200MHz) 6 7.43-7.20 (m, 3H), 7,10 (dd, 1H). 3.98 (bs, 2H), 3.55-3.40 (bd, 2H), 3.35-3.10 

25 (m. 2H). 2.99 (s. 3H), 2. 1 5 (t 2H), 2.00 (t, 2H). 

Step B: N-[1(R)-{(1,2-Dlhydro-1-nfiethanesulfonylspiro[3H-indole-3,4'-piperdinH-yi)cart)onyl>^ 
methyloxy)ethyll-2-[(1 , 1-dimethylethoxy)carbonyllamino-2-methylpropanamide 

To0.35g (1.15mmol)of(2R)-2-[(1,1-dimethylethoxy)carbonyl]amino-3-[2-(phenylmethy1oxy)ethyl]-1- 
propanoic acid in 13 mL of dichloromethane was added 1,2-dihydro-1-methanesulfonylspin>-[3H-indoie- 

30 3.4'-piperdine] hydrochloride (0.325 g; 1.07 mmol). 0.18 mL (1.63 mmol) of N-methylmorphollne. 0.159 g 

(1.18 mmol) of l-hydroxybenztriazole(HOBT) and stirred for 15 min. EDC (0.31 g; 1.62 mol) was added 
and stirring was continued for 1 h. An additional 60 of N-methylmorphoiine was added and stirred for 
45 min. The reaction mixture was poured into 5 mL of water and the organic layer was separated. The or- 
ganic layer was washed with 5 mL of 0.5N aqueous hydrochloric add and 5 mL of saturated aqueous so- 

55 dium bicarbonate solution. The combined organics were dried over anhydrous magnesium sulfota, and 
concentrated to yield 0.627 g of the product as a yellow foam which was used without purification. 

To a 0.627 g (1 .07 mmol) of the above product in 5 mL of dichloromethane was added 1 .0 mL of tri- 
f luoroacetic acid and stirred at RT for 75 min. An additional 1 .00 mL of trif luoroacetic add was added and 
stirred for 1 0 min. The reaction mbcture was concentrated, diluted with 5.0 mL of dichloromethane and care- 

40 fully basified by pouring into 10 mL of 10% aqueous sodium carbonate solution. The organic layer was 
separated and the aqueous layer was further extracted with 2X15 mL of dichloromethane. The combined 
organics were washed with 5 mL of water, dried over potassium cart>onate. filtered and concentrated to 
give the 0.486 g of the amine as a light yellow foam which was used without purification. 

To 0.486 g (1.01 mmd) of the amine and 10 mL of dichloromethane was added 0.26g (1.28 mmol) of 

45 2-[(1,1-dlmethyl- ethoxy)cart)onyl]amlno-2-methyl-propanolc add, 0.173 g (1.28 mmd) of 1-hydroxybenz- 
triazde (HOST) and EDC (0.245 g; 1 .28 mol) and stirried at RT overnight The reaction mixture was poured 
into 5.0 mL of water and the organic layer was separated. The aqueous layer was back extracted with 5 
mL of dichloromethane. The combined organics were washed with 5.0 mL of 0.5N aqueous hydrochloric 
acid, 5 mL of saturated aqueous sodium bicarbonate solution dried over anhydrous magnesium sutfote, 

50 and concentrated to yield 0.751 g of the crude product as a yellow foam. A solution of this crude product 
in dichloromethane was chromatographed on 25 g of silica gel and eluted f iret with hexanes/acetone/dl- 
chloromethane (70/25/5) and then with hexanes/acetone/dichloromethane (65/30/5). This gave 0.63 g of 
the title compound as a white solid. 

NMR(CDa3, 400MHz) Compound exets as a 3:2 mixture of rotamera 5 7.40-7.10 (m, 6H), 7.06 (d, 

55 1/3H), 7.02 (t, 1/3H). 6.90 (t. 1/3H). 6.55 (d, 1/3H), 5.15 (m, 1H), 4.95 (bs. 1H), 4.63 (bd, 1/3H), 4.57-4.40 

(m, 2 2/3 H), 4.10 (bd, 1/3H), 4.00 (bd. 1/3H), 3.82 (t, 1H), 3.78-3.62 (m. 2H). 3.60-3.50 (m, 1H), 3.04 (q, 
1 H). 2.87 (s, 1 H). 2.86 (s, 2H), 2.80-2.60 (m, 1 H). 1 .90 (bs, 1 H), 2.85-2.75 (m, 1 H), 1 .82-1 .60 (m. 3H), 1 .55- 
1.45 (m, 1H). 1.45 (s, 4H), 1.42 (s. 2H), 1.39 (s, 9H). 

42 



EP 0 615 977 A1 



Step C: N-[1(RH(1 ,2-D (hydro- 1'methanesulfonylspiroI3H-indole-3,4^piperidIn^1'-yl)cafbonyll-2-(pheny^ 
methyloxy)ethyl]-2-ainino-2-methylpropanamide hydrochloride 

To 0.637 9 (0.101 mmol) of the intermediate from Step B in 5 mL of dichloromethane was added 2.5 
ml of trifluoroacetic acid and stirred at RT for 30 min. The reaction mixture was concentrated to an oil, 

9 taken up in 1 0 mL of ethy) acetate and washed with 8 mL of 1 0% aqueous sodium carbonate solution. The 
aqueous layer was further extracted with 5 mL of ethyl acetate. The combined organics were washed with 
10 mL of water, dried over magnesium sulfate, filtered and concentrated to give the 0.512 g of the free 
base as a white foam. 

To 0.512 g of the free base In 5 mL of ethyl acetate at O'^C was added 0.2 mL of saturated hydrochloric 

10 acid in ethyl acetate and stirred for 1.5 h. The white precipitate was filtered under nitrogen, washed with 
ether, and dried to give 0.50 g of the title compound as a white solid 

NMR (400MHz, CD3OD) Compound exists as 3:2 mixture of rotamers. 6 7.40-7.28 (m. 4H), 7.25-7.17 
(m. 2H), 7.08 (t, 1/3H), 7.00 (t, 1/3H). 6.80 (d. 1/3H), 5.16 (ddd, 1H). 4.60-4.42 (m. 3H), 4.06 (t, 1H). 3.90 
(bs, 2H). 3.83-3.70 (m. 2H), 3.30-3.15 (m. 1H0, 2.97 (s. 1 H). 2.95 (s. 2H). 2.90-2.78 (m. 1H}» 1.98 (t. 1/3H), 
15 1.65-1.65 (m. 4H). 1.63 (s, 2H). 1.60 (s, 4H). 

EXAMPLE 19 (METHOD 2) 

N-[1(RH(1,2-Dihydro-1-methanesulfbnylspiroI3H-indole-3,4'-piperdinl-1'-yi) carbony1}-2-(phenylmethytoxy)et- 
20 hy11"2-amino-2-methylpropanamide hydrochloride 

Step A: (2R)-in-2-(1,1-dimethyiethoxy)carbonyllaminol-2.2-dimethyl-1-oxoethyl]amlno-2-(phenylme- 
thoxy)ethyll-1-prDpanolc acid allyl ester 

Prepared from (2R)-2-[(1 ,1-dimethylethoxy)carbonyl]amino-3-(phenylmethylQxy)ethyl-propanoic 
acid and allyl alcohol by carrying out the coupling reactton In CH2CI2 in the presence of EDC and DMAP* 
25 iH NMR {400MHz, COag) 8 7.25 (s, 5H), 5.8 (m, 1H). 5.2 (dd, 2H), 5.0 (bs. 1H), 4.7 (m, 1H), 4.6 (m, 2H), 

4.4 (dd. 2H), 3.9 (dd. IN), 3,6 (dd, IH), 1.45 (d, 6H), 1.39 (s, 9H). 

Step B: (2R)-ni-2K1»1'<iinfiethylethoxy)cart)onyllaminol-2,2-dimethyl-1-oxoethyllamino-2-<phenylnw^ 
loxy)ethyl)-1 -propanoic acid 

To a stirred solution of the crude intermediate obtained in Step A (6.7 g, 15.9 mmol), tetrakis (triphe- 

30 nylphosphine)-palladium (1 .8 g, 0.1 eq) and, triphenyl phosphine (1 .25 g, 0.3 eq) was added a solution of 
potassium-2-ethyl hexanoate (35 mL, 0.5M solution in EtOAc). The reaction mixture was stirred at room 
temperature under nitrogen atmosphere for 1h and then diluted with ether (100 mL) and poured Into ice- 
water. The organic layer was separated and the aqueous fraction was acidified with citric acid (20%), then 
extracted with EtOAc. The EtOAc extracts were washed with brine, dried over magnesium sulfate, filtered 

35 and evaporated to give the title compound as a solid. 

iH NMR (400H2. CD3OD) 5 7.3 (s, 5H), 4.7 (m, IH), 4.5 (s, 2H), 4.0 (m, IN), 3.6 (m, IH). 1.4 (d, eH), 1.3 
(s, 9H). 

Step C: N-[1(R)-[(1 ,2'Dihydro-1-methanesulfbnylspiro[3H-indol6-3,4'-plperdinl-1 '-yl)caft)onyll-2-(phenyl- 
methyloxy)ethyl}"2-[(1,1-dimethyl-ethoxy)carbonyl]amlno-2-methylpropanamide 
40 To a solution of 1 .0 g (3.44 mmol) of 1-methanesulfonyl- spirorindoline-3.4 -piperidine] hydrochloride, 

1.44 g (3.78 mmol) of (2R)-D-2-(1.1-dimethylethoxy)carbonyl)aminol-2,2-dimethyl-1-oxoethyl]-amino-2- 
(phenyimethyloxy)ethyl)-1-propanoic acid, N-methyl morpholine (0.58 mL; 5.20 mmol), and 1-hydroxy- 
benztriazole (HOBT) (0.58 g; 3.78 mmol), in 50 mL of dichloromethane was added EDC (1 .03 g; 5.20 mmol) 
and stirred at RT for 16h. The reaction mixture was diluted with an additional 50 mL of dichloromethane 

45 and washed with aqueous sodium bicarbonate solution (50 mL), dried over anhydrous magnesium suH^te. 
filtered, and concentrated. Flash chromatography (50 g silica gel) of the crude oily residue gave 2.148 g 
(90%) of the desired material as a colorless foam. 

^H NMR (CDCI3, 400MHz) Compound exists as a 3:2 mixture of rotamers 5 7.40-7.10 (m, 6H), 7.06 (d, 
1/3H), 7.02 (C 1/3H). 6.90 (t, 1/3H)i 6.55 (d. 1/3H). 5.15 (m, 1H), 4.95 (bs. IH), 4.63 (bd, 1/3H), 4.57-4.40 
SO (m, 2 2/3 H), 4.10 (bd, 1/3H), 4.00 (bd. 1/3H), 3.82 (t. IH), 3.78-3.62 (m, 2H), 3.60-3.50 (m, IH). 3.04 (q. 

1 H), 2.87 (s. IH), 2.86 (s, 2H). 2.80-2.60 (m. 1 H), 1 .90 (bs, IH), 2.85-2.75 (m, 1 H), 1.82-1 .60 (m, 3H), 1.55- 

1.45 (m, IH). 1.45 (s. 4H), 1.42 (s, 2H), 1.39 (s, 9H). 

Step D: N^l (R)-[(1 ,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4'-piperdinl-1 -yl)carbonyl^2-(phe^y^- 
methyloxy)ethyll-2-amino-2-nntethylpropanamide hydrochloride 
55 To a solution of 2.148 g (3.41 mmol) of the intemnediate from Step Gin lOmL of dichloromethane was 

added 5 mL of trifluoroacetic add and stirred for 1h. The reaction mixture was concentrated and basified 
with 100 mL of 5% aqueous sodium carbonate solution and extracted -with dichloromethane (3X50 mL). 
The combined organics were washed with brine (50 mL)» dried over anhydrous potassium caifoonate, f 11* 
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tered, and concentrated to yield a colorless foam. To a sofution of the foam in 25 mL of ethyl acetate at 
O^'C was added 4 mL of 1M solution of hydrochloric add in ethyl acetate. The precipitate was filtered and 
washed first with ethyl acetate and then with ethyl acetat^ether (1:1), dried to yield 1.79 g (93%) of the 
title compound as a colorless solid. 
5 NMR(400MHz, CD3OD) Compound exists as 3:2 mixture of rotamers. 6 7.40-7^8 (m. 4H), 7.25-7.17 

(m. 2H), 7.08 (t, 1/3H), 7.00 (t. 1/3H), 6.80 (d. 1/3H), 5.16 (ddd, 1H), 4.60-4.42 (m, 3H). 4.05 (t, 1H). 3.90 
(t)S, 2H), 3.83-3.70 (m. 2H). 3.30-3.15 (m, 1H0. 2.97 (s. 1H). 2.95 (s, 2H), 2.90-2.78 (m. 1H), 1.98 (t, 1/3H). 
1.85-1.65 (m. 4H), 1.63 (s, 2H), 1.60 (s, 4H). 

10 EXAMPLE 20 

N-C1(R)^(1.2-Dihydlo-1^TOthanesulf6nyl-5-^)lPnfw>^spi^o[3H-indole-3,4^^ 
oxy)ethyl)-2-amino-2-methylpropanamlde trifluoroacetate 

Step A: N-[1(R)-[(1,2-Dihydft>-1-methanesulfonyl-5-bromo-spiro[3H-indole'3.4'-piperdlnl-1'-yl)cart)on^^^ 
IS 2-(phenytmethyl-oxy)"ethyll-2-[(1,1-dimethylethoxy)cart)onyl] amino-2-methylpropanamide 

To a solution 300 mg (1.03 mmol) of 1-methanesulfonyl- spiro-[3H-indole-3,4 -piperidine] hydrochlor- 
ide in 5 mL of glacial acetic add was added 0.28 g (2.06 mmol) of bromine and stirred at RTfbr 1h. The 
reaction mixture was concentrated to dryness, basif ied with 1 0 mL of 5% aqueous sodium carbonate sol- 
ution, and extracted with dichloromethane (3X10 mL). The combined organlcs were washed with brine (10. 
20 mL), dried over anhydrous potassium cart>onate. f i Itered , and concentrated to yield 0.25 g of a crude prod- 
uct as a yellow oil which was used without purification. 
Step B: 

To a sdution of the above crude product in 10 mL of dichloromethane was added 0.43 g (1.13 mmd) 
of the intermediate from Example 19 Step B, 0.1 7 g (1.13 mmol) of HOBT, and 0.34 g (1.70 mmol) of EDC 
25 and stirred at RTfbr 16h. The reaction mixture was diluted with ISmLofetherand washed with 10% aqu- 
eous dtric add (1 5 mL), saturated sodium bicarisonate sdution (1 5 mL), dried over anhydrous magnesium 
sulfete, filtered and concentrated to give a crude oily product This residue was purified was flash chro- 
matography (15 g SiOz; CH2ClrAcetone(10:1) as eluent) to yield 0.184 g (26% for 2 steps) of the coupled 
material as colcn-less foam. 

30 To 0.184 g (0.26 mmd) of the above material in 2 mL of dichloromethane was added 2 mL of trif luor- 

oacetic add and stirred at RT for 1 h. The readion mbcture was evaporated to dryness to yield 0.146 g (93%) 
of the title compound as a white sdid. 
FAB-MS: calculated for CzTHsiBrf^OsS 608; found 609.5 

35 EXAMPLE 21 

N-I1(R)-{(1,2-Dihydro-spiro[3IH-indole-3,4-piperdin>r-yl)carbonyl>2-(lndo>-3>yl)ethy^^ 
namide dihydrochloride 

Step A: Splro[3H-indde-3,4'-piperidine] 

40 To a solution of 1 .0 g (5.0 mmd) of 1 '-methyl-sp!ro[3H- indde-3.4 -piperidine] (prepared as described 

in H. Ong et al J, Med, Chem, 1983, 23, 981-986) and 1.0 g of powdered potassium cart>onate in 30 mL 
of dry dichloromethane at RT was added to 0.50 g of cyanogen bromide and stinred for 1h. The reaction 
mbcture was filtered through a pad of celite and washed with chlorofbrm-methanol (95:5). The filtrate was 
concentrated and the residue was flushed through a pad of silica gel with chloroform-methand (95:5) as 

45 eluent This gave -1 2 g of a yellow oil which was used without purification. 

To a suspension of sbove compound in 30 mL of dry DME at 0°C was added 0.30 g of lithium aluminum 
hydride and warmed to RT and finally ref luxed for 1 h. The reaction mbcture was OQQ\e6 to O^C and quench- 
ed with 0.30 mL of water, 0.30 mL of 15% aqueous of sodhim hydroxide solution, and 0.90 mL of water. 
The solids were filtered off through a pad of celite and washed well with chloroformmethand (10:1). Con- 

so centration of the filtrate gave 0.74 g of the compound as a yellow foam. This material was a 1:1 mixture 
of the title compound and 1 -methyt-spiro[3H-indole-3,4*-piperidine]. 

Step B: (2R)-[I-2-[I1 J-dimethylethoxy)carbonyl]aminol-2,2-dimethyl-1-oxoethyllaminol-1H-indole-3- 
propanoic acid benzyl ester 

To 5.0 g (16.5 mmol) of the commercially available N-t-BOC-D-tryptophan in 100 mL of chloroform 
55 was added 1.80 mL (16.5 mmol) of benzyl alcohol, 0.20 g (1.65 mmol) of 4-N.N-dimethylamino pyridine 
(DMAP), and 3.20 g of EDC and stinred for 16h. The readion mbcture was poured into 100 mL of water 
and the organic layer was seperated. The aqueous was further extraded with 2X100 mL of chloroform. 
The combined organica were washed with 50 mLof 10% aqueous dtric add, 100 mLof 10% aqueous so- 



44 



EP 0 615 977 A1 



dium bicarbonate solution, dried over anhydrous magnesium sulfate, filtered and concentrated to give a 
thick oil. 

To a solution of this oil in 10 mL of dichloromethane was added 20 mLof trif luoroacetic add and stin-ed 
for 1h. The reaction mixture was concentrated, basified carefully with saturated aqueous sodium bicar- 

5 bonate solution, and extracted with chloroform (2X100 mL). The combined organics were washed with 
brine (100 mL), dried over potassium carbonate, filtered, and concentrated to give 5.46 g of the amine as 
a brown oil which was used without purification. 

To 5.46 g of the above product in 1 00 mL of chloroform was added 3.40 g (22.2 mmol) of HOBT. 4.60 
g (22.2 mmol) of N-BOOa-methyl alanine, and 5.32 g (28.0 mmol) of EDC and stirred for 1 6h. The reaction 

10 mixture was poured Into 1 00 mL of water and the organic layer was seperated. The aqueous was further 
extracted with 2X100 mL of chiorofomn. The combined organics were washed with 50 mL of 10% aqueous 
citric acid, 100 mL of 10% aqueous sodium bicarbonate solution, dried over anhydrous magnesium sulfate, 
filtered and concentrated to give 6.94 g of the product as a thicl( oil. Rash chromatography (200 g Si02; 
hexane-ethyl acetate as eluent) gave 4.75 g of the desired material as a colorless foam. 

IS mmR (CDOa. 200MHz) 6 8.48 (bs. 1H). 7.54 (bd. 1H), 7.38-7.23 (m. 3H). 7.19 (bd, 2H). 7.15-7.00 (m, 

1H). 6.90 (d, IH). 6.86 (d. 1H), 5.06 (bs, 2H). 4.95 (ddd, 1H), 3.30 (2dd. 2H), 1.40 (s, 15H) 
Step C: (2R)-[I-2-ni , 1 -dlmethylethoxy)carbonyl]amino}-2,2-dimethyl-1 -oxoethyQaminol- 1 H-indole-3- 
propanoic acid 

To a solution of 4.75 g of the material from Step B in 100 mL of ethanol was added 1 .0 g of 10% Pd/C 
20 and stirred at RT under a balloon for 1 8h. The catalyst was filtered off through a pad of celrte and washed 
with ethyl acetate. The filtrate was concentrated to give 2.96 g of the acid as a colorless foam. 

NMR (CDCIs, 200MHz) 6 8.60 (bs. IH). 7.55 (d. IH). 7.26-6.90 (m. 3H). 6.88 (bd. IH). 4.80 (m. 1H)» 
3.32 (2dd, 2H). 1 .37 (s, 3H), 1 .35 (s, 12H) 

Step D:N-I1(R)-[(1,2-Dlhydro-spiro[3H-lndde-3,4'-piperdin^r-yl)carfaonyl]-2-(lndd-3-yl)ethy1>^ 

25 methylethoxy)carbonyllamlno-2-methyjpropanamide 

To a solution of 0.122 g (0.542 nfvnol) of a 1:1 mbcture of the intermediate from step A and I'-methyt- 
spiro[3H-indole-3.4'- piperidine] in 5 mL of dry chloroform at RT was added 0.105 g (0.271 mmol) of the 
intermediate from Step C, 41 mg (0.271 mmol) of HOBT, and 80 mg (0.41 mmol) of EDO and stirred at RT 
for 2h. The reaction mixture was diluted with 10 mL of chlorofonn was washed with saturated aqueous 

30 sodium bicarbonate solution (10 mL) and 10 mL of brine, dried over anhydrous potassium cart>onate, f il* 
tered and concentrated. Rash chromatography (10 g SIO2; 2% MeOH-CHCIa) of the residue gave 94 mg 
of the desired product as a yellow foam. 

The compound exists as 3:2 mixture of rotamers. ^H NMR (CDCI3, 400 MHz) 6 8.37 (d. 1/3H). 8.35 
(d. 2/3H). 8,19 (d. IH), 7.72 (d, 2/3H). 7.60 (d, 1/3H), 7.38 (d. 2/3H). 7^32 (d, 1/3H). 7.22-7.08 (m, 3H). 

35 7.00 (2t, IH). 6.93 (d. 1/3H), 6.89 (t, IH), 6.60 (d. 1/3H). 6.56 (d, 2/3H), 6.50 (d. 2/3H), 5.30-5.15 (m. IH), 

5.00 (bs, IH), 4.34 (m, IH), 3.62-3.50 (m, 1H). 3.30-3.11 (m, 4H), 2.90 (dt, IH), 2.40 (dt. 1/3H), 1.70-1.55 
(m, 12«H). 1.34 (s. 2H), 1.31 (s, 4H). 1.28 (s, IH), 1.31 (s. 9H). 1.20-1.11 (m. 1H). 0.32 (dt, 1/3H) 
Step E: N-[1 (R)-I(1 ,2-Dihydro-splro[3H-indole-3.4'-piperdinM '-yl)carbonyll-2-(indol-3-yl)ethyq-2-amlno- 
2- methylpropanamide dihydrochloride 

40 To 27.5 mg of the Intermediate from Step D was added 1 .0 mL of methanol and 1 .0 mL of concentrated 

hydrochloric acid and stirred at RTfor 1h. The reaction mixture was concentrated, basified with 5 mLof 
10% aqueous sodium carbonate solution, and extracted with chloroform (3X5 mL). The combined organics 
were washed with brine (10 mL), dried over potassium carbonate, filtered, and concentrated to yield a thick 
oil. Preparative TLC (0.50 mm plate; chloroform-methanol 96:5-»'1% NH4OH) gave 12 mg of the desired 

45 product as a yellow solid . 

The compound exists as 3:2 mixture of rotamers. ^H NMR (CDCI3, 400 MHz) 6 8.37 (d. 1/3H), 8.35 (d. 2/3H), 
8.19 (d, IH). 7.72 (d. 2/3H). 7.60 (d. 1/3H). 7.38 (d. 2/3H), 7.32 (d. 1/3H). 7.22-7.08 (m. 3H), 7.00 (2t, IH), 
6.93 (d, 1/3H), 6.69 (t, IH), 6.60 (d. 1/3H), 6.56 (d, 2/3H), 6.50 (d. 2/3H), 5.30-5.15 (m, IH). 4.34 (m, IH), 
3.62-3.50 (m, 1 H), 3.30-3.11 (m, 4H). 2.90 (dt. 1 H). 2.40 (dt, 1«H). 1.70-1.55 (m, ^^H), 1.34 (s, 2H), 1.31 

so (s. 4H), 1.28 (s. IH). 1.20-1.11 (m, 1H). 0.32 (dt, 1/3H). 

EXAMPLE 22 

NH[1(R)'[(1.2-DihydrD-1-methylcarbonylspiroPH-lndde-3.4-plperdin>1^yl^ 
55 2-methylpropanamide hydrochloride 

To 26 mg of the intermediate from Example 21, Step D in 1.0 mL of 1,2-dichlon)ethane and 55 )iL (0.14 
mrno\) of N-methylmorpholine at C'C was added 6.6 iiL (0.93 mmol) of acetyl chloride and stirred for 1h. The 
reaction mbcture was diluted with 5 mL of ether, washed with 5 mL of 1 0% aqueous citric acid, 5 mL of saturated 
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sodium bicarbonate solution, dried over anhydrous magnesium sulfate, filtered, and concentrated to give a pale 
yellow foam which was used without purification. 

To the above material in 1 .0 mL of dichloromethane was added 1 .0 mL of trif luoroacettc acid and stirred 
at RT for Ih. The reaction mixture was concentrated, basified with 5 mLof 10% aqueous sodium carbonate 
5 solution, and extracted with chlorofomn (3X5 mL). The combined organics were washed with brine (10 mL). 
dried over potassium cartonate, filtered, and concentrated to yield a thick oil. To a solution of this material in 
1 .0 mL of methanol was added 1 .0 mL of 4M hydrochloric acid in dioxane and concentrated to dryness to yield 
1 6 mg of the title compound as a pale yellow solid. 

The compound exists as a 3:2 mixture of rotamers. NMR (CD3OD, 400MHz) 6 8.43 (d, IH), 8.35 (t. 1H), 
10 1.12 (d. 2/3H). 7.61 (d, 1/3H), 7.40-7.26 (m. 2H), 7.20-7.08 (m. 3H). 7.05-6.95 (m, 22«H). 6.50 (d, 1/3H). 5.25- 
5.10 (m, 1H), 5.00-4.84 (2bd, 1H). 3.68-3.45 (m. 3H). 3.20 (m, 2H). 2.60-2.48 (m, IIOH), 2.30 (dt, 1/3H). ZOO 
(s, 1 H), 1 .98 (s. 2H), 1.81-1.40 (m, 4H). 1.35 (s. 2H), 1.33 (s, 2H), 1 .32 (s. IH). 1.30 (s, 1H). 1.25-1.15 (m. IN). 
1 .10-1.00 (m, IH), 0.20 (dt, 1/3H) 

15 EXAMPLE 23 

N-[1(R)>[(1.2-Pihydro-1-benzenesulfonytspiro[3H-indole-3.4'- piperdlnl-r-yl)carfaonyl}>2-(indol-3-yl)ethyll-2- 
amino'2-methylpropanamide 

To 26 mg (0.050 mmol) of the intenmediate from Example 21, Step D In 1.0 ml of 1,2-dichloroethan6 and 

20 5 III of N-methyl morpholine was added at O^C 7.5 ^L of bernzenesutfonyi chloride and stirred for Ih. The reaction 
mbcture was diluted with 10 ml of ether washed with 5 ml of 10% aqueous dtric acid, 5 ml of saturated sodium 
bicarbonate solution, dried over anhydrous magnesium sulfate, filtered, and concentrated to give 29.8 mg of 
a crude product as a pale yellow foam. To a solution of this material in 2 mi of methanol was added 1.0 nrU of 
cone, hydrochloric acid and stirred for 1 h. The solvent were removed under reduced pressure to yield the title 

25 compound as a brown solid. 

This compound exists as a 3:2 mixture of rotamers. iH NMR(CDCl3, 400MHz) h 8.30 (bs, 1/3H), 8.20 (bs, 2/3H). 
8.05 (bs, 2/3H), 7.88 (d. 1/3H), 7.72-7.45 (m. 5H), 7.43-7.30 (m, 4H). 7.20-7.05 (m. 2H), 7.00-6.90 (m, 2^W\ 
6.35 (d, 1/3H). 5.25-5.10 (m, IH), 4.90 (bs. IH). 4.30 (dt. IH). 4.15 (dt, IH), 3.95 (dd. IH), 3.60-3.40 (m. 3H), 
3.25-3.20 {nu 2H). 2.90 (dt. IH), 2.73 (dt 220H), 2.35 (m. 1i»H) 1.80 (m. IH), 1.50 (s. IH). 1.43 (s, 2H), 1.39 

30 (s. 3H). 1.30-1.20 (m, 2H). 1.00 (bd, 1/3H). 0.90-0.70 (m. 2H). 0.55 (bd, 1/3H), 0.48 (dd. 2/3H), -0.90 (dt, 1/3H) 

EXAMPLE 24 

W(RH(1>2-Dihydro-1-methanesulfbnytepiro[3H-indole-3 

35 2-methylpropanamide hydrochioride 

To a solution of 0.258 g (0.50 mmol) of the intermediate from Example 21 , Step D in 10 mL of dry dichloro- 
methane at O^C was added 0.39 mL(1.00 mrrwl) of N-methyl morpholine, and 45 ^L (0.60 mmol) of nriethane- 
sulfbnyl chloride and stirred for 30 mln. The reaction was diluted with 1 0 mLof ether and washed with saturated 
sodium bicarbonate solution (5 mL), brine (5 mL), dried over anhydrous magnesium sulfate, filtered, and con- 

40 centrated to yield the product as a pale yellow foam which was used without purification. To a solution of this 
material in 3.0 mL of dichloromethane was added 1 .0 mL of trif luoroacetic acid and stinred at RT for 1 h. The 
reaction mixture was concentrated, basified with 5 mL of 10% aqueous sodium cartonate solution, and ex- 
tracted with chloroform (3X5 mL). The combined organics were washed with brine(10 mL), dried over potassium 
carbonate, filtered, and concentrated to yield a thick oil. To a sdution of this material in 3.0 mLof methanol 

45 was added 200 ^L of 4M hydrochloric acid in dioxane and concentrated to dryness to yield 98 mg of the desired 
material as a pale yellow solid. 

The compound exists as a 3:2 mixture of rotamers. ^H NMR (CD3OD, 400MHz) 5 8.43 (d, IH), 8.35 (t, IH), 
7.72 (d. 2/3H), 7.61 (d. 1/3H). 7.40-7.25 (m. 2H), 7.20-7.08 (m, 3H). 7.05-6.95 (m, Z^H), 6.50 (d, 1/3H), 5.25- 
5.10 (m, IH), 5.00-4.84 (2bd, IH), 3.68-3.45 (m. 3H), 3.20 (m, 2H). 2.82 (s, IH). 2.60 (s. 2H). Z60-2.48 (m, 
50 1i«H). 2.30 (dt, 1/3H). 1.81-1.40 (m. 4H), 1.35 (s, 2H), 1.33 (s. 2H). 1.32 (s. IH). 1.30 (s. IH), 1.25.1.15 (m. 
IH), 1.10-1.00 (m, 1H), 0.20 (dt. 1/3H) 

EXAMPLE 25 

55 M-1 (RH1 >2-Dihydro-1-n»thanesulfonyisp!roI3l4-indole^,4 -plperidin}-r-yl)carbonylH^ 
2-methylpropanamide hydrochioride 

Step A: N-1 (R)-{1 ,2-Dihydro-1-methanesulf6ny1spiro[3H-indole-3,4 -piperidlnl-l '-yt)carfaonyil-3-phenyl- 
propyl}-2-[(1.1-dimethylethoxy)carfaonyl]amlno-2-methylpropanamide 
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The title compound was prepared from (2R)-2-((1,1- dimethylethQxy)carkx)nyqamino-4-phenyl-1<bu- 
tanoic acid and 1,2*dihydro-1-methylsulfonyIspiro(3H-indole*3,4'-piperidine] hydrochloride by using the 
coupling method as described in Example 18, Step B. The crude product was purified on silica gel using 
5% Acetone in CH2CI2. 

5 iH mR (400MH2, COaa) 6 7.2 (m, 9H). 4.9 (m, 1H). 4.5 (m. 1H). 3.8 (m. 2H), 3.2 (m. 2H), 2.9 (s. 3H), 2.7 

(m, 2H). Z3 {s, 2H), 2.0 (m, 2H). 1.7 (m. 4H), 1.5 (s, 6H), 1.4 (s, 9H). 

Step B: N-1(RHt2-Dihydro>VmethanesulfonylspirD[3H-indole-3,4'*ptperidinl-1''yl)cart)onyll-3-phenyl- 
propy1}-2-amlno-2-methylpropanamide hydrochloride 

Prepared from the intermediate obtained in step A using the deprotection method as described in Ex- 
10 ample 18, Step C. 

iH HfAR (400MHz. CD3OD) 5 7.3 (m. 9H), 4.5 (m. 1 H). 3.9 (m. 2H). 3.5 (m. 2H). 3.2 (m, 2H). 2.9 (s, 3H), 
2.7 (m. 4H), 2.0 (m. 4H). 1 .6 (s. 6H). 

EXAMPi^ 26 

IS 

h4'[1(RH(1.2-DihydrD-1-trifluorDmethanesulfonyl-&-fluofD-sptrot3H-indole-3,4'-pipe^ 
3«yl)ethyl]«2-amino-2«methylpropanamide trifluoroacetate 

Step A: 1 ,2«Dihydro-1-benzyloxycart)onyi~5-f luoro-spiro[3H-indole-3,4 -piperdine] 

To 7.82 g of 60% sodium hydride was added hexane and the liquids were decanted. To this was added 
20 a solution of 11.10 mL(89 mmol) of 2,5-dif(uorophenytacetDnitrile In 150 mL of DMSO and stirred for 30 
min. A solution of 15.10 g of 1-chloromethyl ethylamine hydrochloride In 150 mLof DMSO was added drop- 
wise and heated at 75^0 for 4h. The reaction mixture was poured into 600 g of ice and extracted with ether 
(5X200 mL). The combined organics were washed with 3X100 mLof 2N hydrochloric acid. The combined 
aqueous extracts were basified to pH=9 with 50% aqueous sodium hydroxide and extracted with ether 
2S (3X200 mL). The combined organics were washed with brine (100 mL), dried over potassium cart)onate 
and concentrated to give 15.54 g of a thick oil. 

Ethand (24 mL) was added in dropvrise fashion to 9.90 g of lithium aluminum hydride in 250 mL of 
DME at O^'C and then warmed to reflux. A solution of the compound In 250 mL of DME was added and 
refluxed for 72h. The reaction was then oooied to O^C and quenched with water (10 mL), 10 mLof 15% 
30 NaOH, and 30mL of water. The slurry was dried over K2CO3, filtered, and concentrated to give 13.6 g of 
a thick oil. This crude product was triturated with hexanes. the solid was filtered, and washed further with 
hexanes. 200MHz NMR (CDCI3) of the solid (2.6 g) indicated about 75% of the desired splro-indoline. 

To a solution of 1.02 g of this mbctura in 50 mL of CH2CI2 at O^C was added 1.0 mL of triethyiamine 
and 0.80 mL of CBZ-CI and stirred fbr 1 h at RT. The reaction mbcture was poured Into 50 mL of 5% HCI 
35 and the aqueous layer was separated. The aqueous layer was basified with 50% NaOH to pH=1 0 and ex- 
tracted with CH2CI2 (3x25 mL). The combined organics were washed with brine (50 mL), dried over K2CO3, 
and concentrated to yield 1.26 g of the compound as a thick oil. 

iH NMR (200MHz, CDOa) 5 7.7-7.90 (m, 1H), 7.50-7.15 (m, 6H), 6.95-6.60 (m, 2H), 5.28 (bs, 2H), 3.90 

(bs. 2H). 2.85 (bd, 2H). 2.30 (s, 3H), ^20-1.80 (m, 4H), 1.65 (bd. 2H). 
40 Step B: N-|1(R)-[(1.2-Pihydro-1-benzyloxycarfaonyl-5-fluorD-splro[3H-indole-3,4-plperdinl-1^yt)carbo- 

nyll-2-(lndol-3-yl)ethyl}-[[(1 ,1 -dimethylethyloxy)cart>onyll amlnol-2-methylpropanamide 

To 1.62 g (4.62 mmol) of the above internrtediate from Step A in 10 mL of 1,2-dichloroethane at O^C 

was added 0.65 mLof ACE-CI and refluxed for Ih. The reaction mbctura was concentrated to one-third the 

volume and diluted with 1 0 mL of methanol and heated to reflux for Ih. The reaction mbcture was ooncen- 
45 trated to dryness and triturated with ether to give brown solid. This material v^s dissolved In saturated 

sodium bicarbonate solution (25 mL), and extracted with dichloronrtethane (2X25 mL). The combined or- 

ganics were dried over K2CO3 and concentrated to give 0.384 g of the free base. 

To 0.384 g of this material in 15 mL of CH2CI2 was added 0.483 g of the add Intermediate obtained 

from Step C of Example 21 , 0.1 89 g of HOST, and 0.34 g of EDC and stirred for 1 8h. The reaction mlotured 
so was poured Into 10 mLof water and extracted with CH2Ci2 (2X10 mL). The combined organics wera washed 

with 20 mL of 10% citric add, 20 mL of saturated NaHCOa, dried over MgS04, and concentrated. Flash 

chrontatographed of the residue on 25 g of silica gel with hexanes-acetone (1:1) as eluent gave 0.389 g 

of the desired material. 

m NMR (200MHz, CDCHs) 8 7.7-7.90 (m, IH), 7.50-7.15 (m, 6H). 6.95-6.60 (m, 2H). 5.28 (bs, 2H), 3.90 
55 (bs, 2H), 2.85 (bd, 2H). 2.30 (s, 3H), 2.20-1 .80 (m, 4H), 1 .65 (bd, 2H). 

Step C: N-11 (R)-[(1 ,2-Dihydro-5-f luon>-spiro[3H-indole-3,4 -piperdinU '-yl)cart)onyll-2-(indol-3>yi)ethyl}- 
B(1,1-dinftethylethyloxy)carbonyllaminol-2-methyipropanamlde 

To a sdution of 0.363 g of the intermediate obtained from Step 8 In 5 mL of of ethanoi was added 
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0.1 Og of 20% palladium hydroxide on carbon and hydrogenated under H2 balloon for 1h. the catalyst was 
filtered off and washed with nnore methanol. The filtrate was concentrated to yield 0.262 g of the desired 
material. 

iH NMR (400MHz, CDQa) This material was 2:1 mixture of rolamers. 8 8.85-8.60 (2bs. 1 H), 7.70(d, 2/3H), 
5 7.55 (d, 1/3H), 7.38 (d, 2/3H). 7.30 (d. 1/3H). 7.28-7.15 (m. 4H). 7.13-7.02 (m, 2H), 6.65 (dt 2H). 6.50 (dd. 

1/3H). 6.45 (dd, 2/3H). 6.14 (dd. 2/3H). 5.30-5.13 (m. 1H). 5.10 (bs, 1H). 4.30 (bd, 2/3H). 422 (bd. 1/3H). 
3.50-3.30 (m, 1H), 3.30-3.00 (m. 4H), 3.00-2.80 (m, 1H), 2.73 (t, 1H), 2.53-2.40 (m, 11/3H), 2.20 (t, 1/3H), 

1.49 (s. 3H). 1.45 (s. 3H). 1.41 (s, 9H) 1.20 (dt, 1/3H). 0.95 (bd. 2/3H), 0.90 (dt, 2/3H). -0.05 (dt, 1/3H). 
Step D: N-[1(RH(1»2-Dihydro'1-trifluoromethanesulfonyl-5-fluoro-spiro[3H-indde-3,4'>piperdinH 

10 yl)carfaonyil-2-(indoi-3-yl)ethylHI(1.1-dimethylethyloxy)carfaonyil aminol-2"methyipropanamide 

To a solution of 30 mg of the intermediate obtained from Step C in 1mL of dichloromethane at O'^C 
was added 0.050 mL of triethylamine and 0.020 mL of trif lie anhydride and stirred for 5 min. the catalyst 
was filtered off and washed with more methanol. The reaction was poured into 5 mL of 5% aqueous sodium 
carbonate solution and stirred for 5 min. The aqueous layer was extracted with CH2CI2 (2X5 mL) and the 

15 combined organics were dried over MgS04, filtered, and concentrated. Rash chromatography of the re- 
sidue on 3 g of silica gel with CH2Ctracetone (4:1) as eluent gave 21 mg of product 

NMR (400MHz, CDa,) This material was 2:1 mixture of rotamers. 6 8.40 (bs. 2/3H), 8.25 (bs, 1/3H). 
7.70(d, 2/3H), 7.60 (d, 1/3H), 7.40 (d, 2/3H). 7.35-7.10 (m, 5H), 6.90-6,80 (m, 2H). 6.1 8 (dd. 1H), 5.30-5.13 
(m. 1H), 4.95(bs. 2/3H), 4.90 (s. 1/3H), 4.45 (bd. 2/3H). 4.35 (bd, 1/3H), 385-3.70 (m, 2H). 3.70-3.55 (m, 

20 2H). 3.30-3.10 (m, 2H). 2.70 (t, 1H). 2.45 (t 1/3H). 2.35 (t. 2/3H), 1.49 (s, 3H), 1.45 (8. 3H), 1.41 (s. 9H), 

1.20 (dt, 1/3H). 0.95 (bd. 2/3H), 0.90 (dt. 2/3H), -0.05 (dt. 1/3H). 

Step E: N-I1 (R)-[(1 ,2-Dihydro-1 -trif luoromethanesulfonyl-5-fluorD-8p^^o[3H*lndole■^,4'■pipefdln^1 '- 
yl)cart>onyl]-2-(lndol-3-yl)ethyll-2-methylpropanamlde trifluoroacetate 

To a solution of 21 mg of the intermediate obtained from Step D was maintained in 1 mL of dichloro- 
25 methane and 1 mL of trifluoroacetic add at room temperature for 30 min. The volatlles were evaporated 
to dryness and triturated with ether to give a yellow solid. 

NMR (400MHz. CD3OD) This material was 2:1 mbcture of rotamers. 6 7.65(d. 2/3H). 7.60 (d, 1/3H), 7.42 
(d. 2/3H), 7.35-7.10 (m, 5H), 6.93-6.80 (m, 2H), 6.24 (dd. 1H), 5.30-5.13 (m. 1H). 4.95(bs. 2/3H), 4.90 (s. 
1/3H). 4.45 (bd. 2y3H). 4.35 (bd. 1/3H), 385-3.70 (m. 2H), 3.70-3.55 (m. 2H), 3.30-3.10 (m. 2H). 2.70 (t, 
30 1H).2.45(t,1/3H).2.35(t.2^H).1.4d(s.3H). 1.45(8, 3H), 0.93 (bd.2/3H). 0.90 (dt2/3H). -0.05 (dt 1/3H). 

EXAMPLE 27 

N-[1(R)-1(1 ,2-Dihydfo-Hniethoxycartx)nyllmethylsu!f6nyi-5-nuoro-spiroPH-indd '-yl)cait)ony(l- 

35 2-(indol-3-yl)ethyll-2-amlno-2-methylpropanamide trifluoroacetate 

Step A: N41 (R)-[(1 ,2-Dihydro-1 -[methoxycart>onyl]methylsulfonyl-S-fluoro-spiroI3H-indole-3,4 -piper- 
dlnD-l '-yl)cart>onyl^2-(indol-3-yl)ethyl]-2-methylpropanamide trifluoroacetate 

To a solution of 77 mg of the intermediate obtained from Step C of Example 26 In 1 mL of dichloro- 
methane at O'^C was added 0.30 mLof N-methylmorpholine, and 0.024 mL of 2-carbomethoxymethane- 

40 sulfonylchloride and stirred for 1h. The reaction was poured into 5 mL of 5% aqueous sodium carbonate 
solution and stirred for 5 min. The aqueous layer was extracted with CH2CI2 (2X5mL) and the combined 
organics were washed with brine (5 mL), dried over MgS04, filtered, and concentrated. Flash chromatog- 
raphy of the residue on 5g of silica gel with CH20racetone (4:1) as eluent gave 64 mg of product 
^H NMR (400MHz. CDQa) This material was 2:1 mixture of rotamers. 5 8.48 (bs. 2/3H), 8.35 (bs, 1/3H). 

45 7.70(d, 2/3H), 7.60 (d. 1/3H). 7.40 (d. 2/3H), 7.32 (d, 1/3H). 7.25-7.00 (m. 4H), 6.90-6.78 (m, 2H). 6.18 (dd. 

1H), 5.30-5.20 (m, 1H), 4.97(bs, 2/3H). 4.91 (s. 1/3H). 4.50-4.35 (2bd, 1H). 4.02 (s, 2/3H). 3.99 (s. 1/3H), 
3.76(q. 2H). 3.58 (s, 1H). 3.56 (s, 2H), 3.08-3.07 (m. 2H). 2.72 (t 1H). 2.50-2.30 (2t 1H). 1.65 (t 1/3H), 

1.50 (s. 2H), 1.46 (s. 4H), 1.40 (s. 9H). 1.30 (m, 1/3H). 1.10 (bd, 2/3H), 0.88 (dt 2/3H), -0.13 (dt, 1/3H). 
Step B: N"[1 (R)-[(1 .2-Dihydro-1 -Imethoxycart)onyl}methyl- sulfonyl-5-f luoio-splro[3H-indole-3,4'-piper' 

50 dlnn-1 '-yl)carbonyll-2-(indol-3-yl)ethyl}-2-methy1propanamlde trifluoroacetate 

To a solution of 24 mg of the interrrwdlate obtained from Step A was maintained in 1 mL of dichloro- 
methane and 1 mL of trifluoroacetic acid at room temperature for 30 min. The volatlles were evaporated 
to dryness and triturated with ether to gh^e 23 mg of a colorless solid. 

iH NMR (400MHz. CD3OD) This material was 2:1 mixture of rotamers. S 8.70 (bs. 1/3H). 8.60 (bs. 2/3H). 
55 7.60(m, 2/3H). 7.50 (d, 2/3H). 7.48 (m, 1/3H), 7.40 (d. 2/3H), 7.31 (d, 1/3H). 7.25-7.00 (m, 4H), 6.95-6.85 

(m. 1H). 6.70 (dd. 1/3H), 6.15 (dd, 2/3H), 5.20-5.10 (m, 1 H). 4.38 (bd. 1/3H), 4.28 (bd. 2/3H). 4.02 (s, 2/3H). 
3.99 (s. 1/3H). 3.76(q. 2H). 3.58 (s. 1H). 3.56 (s. 2H). 3.08-3.07 (m. 2H). 2.72 (t 1H). 2.50-2.30 (2t 1H). 
1.65 (t. 1/3H). 1.65 (s. 2H), 1.60 (s. 4H), 1.30 (m, 1/3H). 1.00 (bd. 2^3H), 0.88 (dt, 2/3H), -0.10 (dt, 1/3H). 
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EXAMPLE 28 

N-|1(R)-[(1;2-Dihydrt>1-methanesulfonyl-5-fluofo-spiro[3H'indole-3,^^^ 
oxy)ethyll-2-amino-2'methytpropanamide hydrochloride 
5 Step A: N-[1(R)-[(1>2-Dihydro-1-benzyloxycart>onyt-5-fluorc>-$piro[3H-rndole-3,4'-pi^ 

nyll-2-(phenylmethyloxy)ethyl]-[I(1,1-dimethylethyloxy) carbonyl]aminol-2»methylpropanamlde 

To 0.330 9 of the 1,2-Dihydro-1-benzyloxycart)onyl-5- fluoro-spiro[3H-indo!e-3.4*-piperdlne] obtained 
from Step A of Example 26 in 10 mL of 1.2-dichloromethane at room temperature was added 0.35 g of N- 
tBOC-O-benzyl-D-serlnep 0.195 g of HOBT, and 0.30 g of EDC and stirred for 18h. The reaction mictured 
10 was poured into lOmLof water and extracted with CH2Ct2 (2X1 0 mL). The combined organ ics were washed 
with 20 mL of 10% citric acid, 20 mL of saturated NaHCOa, dried over MgS04, and concentrated. 

To a solution of the intermediate obtained from Step A in 5 mL of CH2CI2 was added 5 mL of trif luor> 
oacetic acid and stirred at RT for 30 min. The reaction mixture was concentrated, diluted with 5.0 mL of 
dichloromethane and carefully basified with 10 mL of 10% aqueous sodium carbonate solution. The or- 
is ganic layer was separated and the aqueous layer was further extracted with 2X15 mL of dichloromethane. 
The combined organics were washed with 5 mL of water, dried over potassium cart)onate, filtered and con- 
centrated to give 0.39 g of the amine as a thick oil. 

To 0.39 g of the above intermediate In 1 0 mL of 1 ,2-dichloromethane at room temperature was added 
0.24 g of N-tBOC-a- methylalanine. 0.195 g of HOBT, and 0.30 g of EDC and stirred for 1 8h. The reaction 
20 mbctured was poured into 10 mL of water and extracted with CIH2CI2 (2X10 mL). The combined organics 
were washed with 20 mL of 1 0% citric acid, 20 mL of saturated NaHCOa, dried over MgS04, and concen- 
trated. Rash chromatography of the residue over 30 g of silica gel with hexane-ethyl acetate (2:1 ) as eluent 
gave 0.33 g of product 

1H NMR (200MHz, CDCI3) 6 7.80(bs, 1H), 7.50-7.15 (m, 5H). 7.10(bd. 1H), 6.90-6.70(m. 1H), 6.27 (bd. 1H). 
25 7.35-7.10 (m. 5H), 5.35-5.10 (m. 3H), 4.99 (s, 1H). 4.70-4.40 (m, 3H), 3.90-3.50 (m, 4H), 3.15-2.90 (m, 

2H), 2.80-2.50 (m, 2H), 1.80-1.40 (m. 2H). 1.50 (3H), 1.42 (s, 8H). 

Step B: N-[1(R)-I(1 ,2-DihydrO"5'fluoro-splro[3H-indde-3,4'-pipeftltn}-V>yl)cart>onyll-2-(pheny1methyloxy)et- 
hyl}-[I(1,1-dimethylethyloxy)cartx)nyl]amino}-2-methylpropanamlde 

To a solution of 0.330 g of the intermediate obtained from Step A in 5 mL of ethanol at was added 1 
30 drop of triethylamine and hydrogenated with hydrogen balloon for 3h. The catalyst was filtered off through 
a pad of oelite and washed with ethyl acetate. The f iltiata was concentrated to give 0.269 g of the product 
as a colorless foam. 

iH NMR (400MHz. CDCI3) 6 7.35-7.20 (m. 4H), 7.17-7.08 (m, 2H), 6.80-6.65 (m, 2/2/3H), 6.27 (dt. 1/3H), 

5.20-5.10 (m, IN), 4.90 (s. 1H). 4.60-4.40 (m. 3H), 4.00 (bt. 1H). 3.75-3.60 (m. IN), 3.55-3.40 (m, 3H). 
35 3.18-3.30 (m, 2H). 2.90-2.65 (m, IN), 1.83-1.50 (m. 4H). 1.48 (s, 4H). 1.42 (8. 2H). 1.39 (s, 9H). 

Step C: N-[1(R)-[(1,2-Dihydro-1-methanesulfonyl-5-fluorD-spiro[3H-indde-3,4*-plpefdinV1'-yl)carbonyll^ 

2-(phenylmethyloxy)ethyO-n(1,1-dimethyfethyioxy) caibonyllaminol-2-methylpropanamlde 

To a solution of 0.134 g the intermediate from Step B In 5 mL of dichloromethane was added 0.080 

mL of N-methylmorpholine, and 0.022 mL of methanesutfonylchloride and stirred at O^'C for 30 min. The 
40 reaction mixture was diluted with an additbnal 5 mL of dichloromethane and washed with 5 mL of saturated 

sodium bicarbonate solution, brine (5 mL), dried over MgS04 and concentrated. Rash chromatography 

of the residue over 20 g of silica gel gave 0.101 g of the desired producL 

iH NMR (400MHz, CDQa) 6 7.40-7 J20 (m, 5H), 7.08 (d, 1H), 6.95-6.80 (m, 2/1/3H), 6.23 (dd, 2/3H). 5.20- 
5.10 (m. 1H), 4.90 (bs, 1H), 4.60 (bd, 2/3H). 4.58^.40 (m. 3/1/3H). 4.104.00 (m, 1H). 3.386-3.70 (m, 

45 21/3H). 3.66-3.60 (m. 1/2H), 3.60-3.50 (m, 1H), 3.102.95 (m, 1H), 2.86 (s, 1H). 2.84 (s, 2H), 2.80 (t, 1/3H). 
2.65 (t, 2/3H), 2.9O2.50 (m, 4H), 1.45 (s, 4H), 1.44 (s. 2H), 1.42 (s. 3H), 1.40 (s, 6H). 
Step D: N-[1(R)-[(1,2-Dihydro-1-methanesulfonyl-S-fluon> spiro[3H-indole-3.4-piperdi^}-1'-y^)ca^t)onyl^ 
2-(phenylmethyloxy)ethyll-2-amino-2-methylpropanamide hydrochloride 

To a solution of 0.101 g the intermediate from Step C in ImL of dichloromethane was added 1.0 mL 

so of trif luoroacetic acid and maintained at RT for 30 min. The reaction mixture was evaporated to dryness, 
basified with 10% aqueous sodium carbonate solution (10 mL), and extracted with dichloromethane (3X5 
mL). The combined organics were washed with brine (5 mL), dried over potassium carbonate, and con- 
centrated. This material was dissolved in 2 mL of ethyl acetate and 0.10 mLof 4M HCI in EtOAc was added 
at O'^C. The precipitate was filtered under nitogen and washed with EtOAc/ether (1 :1) and dried to give 62 

55 mg of the product as a white solid. 

iH NMR (400MHz, CD3OD) 5 7.40-7.20 (m, 5H), 7.08 (d.lH), 6.95-6.80 (m. 2/1/3H), 6.23 (dd. 2/3H), 5.20- 
5.10 (m. 1H), 4.60 (bd, 2/3H), 4.58-4.40 (m, 3/1/3H), 4.10-4.00 (m, 1H). 3.388-3.70 (m. 21/3H). 3.66-3.60 
(m, 1/2H). 3.60-3.50 (m, IH). 3.10-2.95 (m, IN), 2.86 (s, 1H). 2.84 (s, 2H), 2.80 (t, 1/3H), 2.65 (t, 2/3H). 
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2.90-2.50 (m, 4H), 1.45 (s. 4H), 1.44 (s. 2H). 
EXAMPLE 29 

5 Step A: N-[1(R)>[(1,2-Dihydro-1-benzenesutfonyl-5-fiuoro>spiro [3H-indole-3,4'-piperdinl-1 'yl)carbonyll-2- 
(phenyimethyloxy)ethyl>2-amino-2-methylpropanamide trifluoroacetate 

To a solution of 0.026 g the intermediate from Step B of Example 27 in 2 mL of dichloromethane was added 
0.020 mL of N-methylmorpholine, and 0.012 mL of benzeneesulfonytchloride and stirred at O^'C for 1h. The re- 
action mixture was poured into 1 0 mL of ether and washed with 5 mL of saturated sodium bicart)onate solution, 
10 dried over MgS04 and concentrated. Flash chromatography of the residue over 10 g of silica gel with CH2CI2- 
ether (2:1) as eluent gave 0.019 g of the product 

This material was treated with 1 mLof dichloromethane and 1 mLof trifluoroaoetic acid for 1h. The reaction 
mixture was evaporated to dryness and the residue was triturated with ether to give 16 mg of the desired prod- 
uct as a white solid. 

IS iH NMR (400MH2, CD3OD) 8 7.80 (d. 2H), 7.70-7.55 (m, 2H). 7.55-7.50 (m, 2H). 7.40-7.20 (m, 42/3H). 7.03- 
6.92 (m, IH). 6.82 (dt. 2/3H). 6.47 (dt, 2/3H), 5.08 (dt, IH), 4.60-4.48 (m, 2H), 4.33 (bt, IH). 3.94-3.85 (m, 3H). 
3.75-3.65 (m. 2H), 3.10 (dt, IN). Z80 (dt. IH). 1.73 (dt. IH), 1.58 (s. 4H), 1.56 (s. 2H). 1.50 {dt. IH), 1.38 (dt. 
1H).1.10(dt. 2H). 

20 EXAIUPLE 30 

^^[1(R)^(1>2-Dihyd^>1-ethanes^^fbny^spl^D[3H-lndole-3,4-piperd^n^ 
2-amino-2-methylpropanamide hydrochloride 

Step A: N-[1(R)-[(1,2-Dihydro-1-ben2yloxycarbony>-spiro[3H-indole-3,4'-piperdin]-1'-yl)carbonyl]-2-(phe- 
25 nylmethyloxy)ethylHI(1 ,1 -dimethyiethyloxy) carfaonyllamlno)-2-methy1propanamlde 

To 5 g of the 1,2-Dihydro-1-benzyloxycarbonyl-spiro{3H-lndole-3t4'-plperdine] hydrochloride in 100 
mL of dichloromethane at room temperature was added 3.64 g of N-tBOC-O-benzyt-D-serine. 1.83 g of 
HOST, 2.60 mL of hi-methylmorpholine, and 3.70 g of EDC and stirred for 18h. The reaction mbcture was 
poured into 100 mL of water and extracted with CH2CI2 (2X1 00 mL). The combined organics were washed 
30 with 100 mL of 10% citric add, 100 mL of saturated NaHCOa. dried over MgS04, and concentrated. 

To a solution of the intermediate obtained from Step A In 20 mL of CH2CI2 was added 20 mL of tri- 
fluoroacetic acid and stirred at RT for 30 min. The reaction mixture was concentrated, diluted with 50 mL 
of dichloromethane and carefully basifled with 100 mL of 10% aqueous sodium cart>onate solution. The 
organic layer was separated and the aqueous layer was further extracted with 2X50 mL of dichlorome- 
35 thane. The combined organics were washed with 50 mL of water, dried over potassium carbonate, filtered 
and concentrated to give the amine as a thick oil. 

To the above intermediate in 50 mL of dichloromethane at room temperature was added 2.50 g of N- 
tBOOa-methylalanine. 1 .83 g of HOST, and 3.70 g of EDC and stirred for 18h. The reaction mbctured was 
poured into 10 mL of water and extracted with CH2CI2 (2X10 mL). The combined oiganlcs were washed 
40 with 20 mL of 10% citric acid, 20 mL of saturated NaHCQa. dried over MgS04, and concentrated. Rash 
chromatography of the residue over 300g of silica gel with hexane-ethyl acetate (2:1) as eluent gave 8.1 
g of product 

m NMR (400MHz. CDCI3) 6 7.85(bs, IH). 7.45-7.20 (m. 10H). 7,20.7.05 (m, 22A3H). 6.95 (t, 1/3H), 6.88(t, 
1/3H), 6.53 (dd, 2/3H). 5.35-5.20 (m. 2H). 5.20-5.10 (m. IH). 4.92 (bs, IH). 4.65-4.20 (m, 4H). 4.05 (bd, 
45 2/3H). 4.00-3.80 (m, 1 .1/3H). 3.80-3.60 (m, IH), 3.1 0 (t, 2/3H). 3.00-2.85 (m, 1/3H). 2.82-2.60 (2t, 1 H). 1 .90- 

1.55 (m. 5H), 1.49 (s. 4H). 1.42 (s, 2H). 1.40 (s, 9H). 

Step B: N-I1(R)-[(1,2-Dihydro-spiroI3H-indole-3,4'-piperdinl-1 -yl)carbonyll-2-(phenyimethyloxy)ethyl]- 
0(1 ,1-dlmethyl- ethoxy)carbonyllaminol-2-methylpropanamide 

To a solution of 8.10 g of the intermediate obtained from Step A in 80 mL of ethanol was added 1 g of 
so 20% palladium hydroxide/C and hydrogenated with hydrogen balloon for 1 h. The catalyst was filtered off 
through e pad of celite and washed with ethyl acetate. The filtrate was concentrated to give 4.69 g of the 
product as a colorless foam. 

m NMR (400MHz. CDCb) 6 7.35-7.20 (m. 5H). 7.16 (d. 1/2H), 7.10 (d. 1/2H). 7.04-6.98 (m. 2H), 6.75-6.60 
(m, 2H), 5.20-5.10 (m, IH), 4.97 (bs, IH). 4.55^.40 (m. 3H). 3.95 (dd, IH), 3.73-3.61 (m, IH). 3.60-3.50 
55 (m, IH), 3.50-3.33 (m, 3H), 3.10 (dt, IH), 2.83 (dt, IH), 1.85-1.55 9m. 5H). 1.47 (s. 4H), 1.42 (s, 2H), 1.39 

(s,9H). 

Step C: N-[1 (R)-C(1 ,2-Dihydro-1 -ethanesulfonyi-spiro[3H-indole-3,4'-piperdinl-1 -yl)cart)onyil-2-(phenyl- 
methyloxy)-ethyll-2-amlno>2-methyiprDpanamide 
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To a solution of 0.158 g the intemiediate from Step B in 5 mLof dichloromethane was added 0.053 
mL of N-methylmorphollne, and 0.034 mL of ethanesulfonylchloride and stirred at 0*C for 30 min and RT 
for Ih. The reaction mixture was diluted with an additional 5 mL of dichloromethane and washed with 5 mL 
of saturated sodium bicarbonate solution, brine (5 mL], dried over MgS04 and concentrated. Flash chro- 
5 matography of the residue over 10 g of silica gel with CH2Clrether (3:1) as eluent gave 0.057 g of the 
desired product 

To a solution of 0.057 g the above intermediate In 1 mL of dichloromethane was added 1.0 mL of tri- 
fluoroacetic acid and maintained at RTfor 30 min. The reaction mixture was concentrated to dryness and 
triturated with ether to give 0.034 g of the product as a yellow solid. 
10 NMR (400MHz. CD3OD) 6 7.40-7.25(m. 5H), 7.25-7.13 (m. 21/2H). 7.03 (t, 1/2H). 6.95 (t. 1/2H). 6.80 

(d. 1/2H), 5.18 (dt, 1H). 4.60-4.42 (m, 3H). 4.08 (t. IH), 3.96 (s. 2H), 3.83-3.70 (m. 2H), 3.29-3.15 (m, 3H). 
2.84 (dt. IH). 1.90 (dt, IN). 1.74-1.62 (m, 4H). 1.62 (s. 2H). 1.60 (s. 4H). 1.33 (dt. 3H). 

EXAMPLE 31 

IS 

Step A: N-{1 (R)-t(1 .2-Dihydro-1 -[2-methyi-2-propanesulfony>-splro[3H-indole-3,4 -piperdlnfrl '-yl)cart)onyll-2- 
(phenylmethyloxy)ethyl}-D[(1 ^l -dlmethylethyloxy)carbonyllaminol-2- methylpropanamide 

To a solution of 0.212 g the intermediate from Step B of Example 29 in 2 mL of 1 .2-dichloroethane was 
added 0.083 mL of triethylamine, and 0.054 mL of isopiopylsulfonylchloride and stirred at O'^C for 30 min and 

20 at RT for 3h. The reaction mixture was diluted with a 5 mL of dichloromethane and washed with 5 mL of satu- 
rated sodium bicartK3nate solution, brine (5 mL), dried over MgS04 and concentrated. Flash chromatography 
of the residue over 10 g of silica gel with CH2Ct2-ether (3:1) as eluent gave 0.113 g of the desired product 

To a solution of 0.101 g the above intermediate In 1 mLof dichloromethane was added 1.0 mL of trifluor- 
oacetic acid and maintained at RT for 30 min. The reaction mixture was evaporated to dryness, t>asif led with 

25 10% aqueous sodium carbonate solution (10 mL), and extracted with dichloromethane (3X5 mL). The combined 
organics were washed with brine (5 mL), dried over potassium carbonate, and ooncentratad. TYiis materia] was 
dissohfed in 2 mL of ethyl acetate and 0.10 mL of 4M HCI In EtOAc was added at O^C. The predpitate was 
filtered under nitogen and washed wfth EtOAc/ether (1:1) and dried to give 88 mg of the product as a white 
solid. 

30 iH NMR (400MHz. CD3OD) 5 7.40-7.20 (m, 5H). 7.08 (d,1 H). 6.95-6.80 (m, 2/1/3H), 6.23 (dd. 2/3H). 5.20-5.10 
(m, IH). 4.60 (bd, 2/3H). 4.58-4.40 (m, 3/1/3H), 4.10-4.00 (m. IH), 3.388-3.70 (m, 21/3H). 3.66-3.60 (m, 1/2H), 
3.60-3.50 (m, 1H). 3.10-2.95 (m. IH). 2.86 (s. 1H), 2.84 (s. 2H). 2.80 (t 1/3H). 2.65 (t, 2/3H). 2.90-2.50 (m, 
4H). 1.45 (s, 4H), 1.44 (s, 2H). 

35 EXAMPLE 32 

Step A: N-[1(R)^(1,2-Dihyd^o-1-[2-ca^bomethoxymethanesulfonyl-spirD[3H■lndole-3,4'pipe^din]l-r- 
yl)carbonyl]-2-(phenylmethyloxy)ethyl}-[[(1,1-dimethylethyloxy)- carbonyllaminol-2-methylprDpanamide 
hydrochloride 

40 To a solution of 0.50 g the intermediate from Step B of Example 29 in 1 0 mL of dichloronmthane was 

added 0.21 mLof N-methylmorpholine and O.IOmLof 2-carbomethoxymethan6Sulfonylchlorlde and stirred 
at OX for 30 min. The reaction mbcture was diluted with 10 mLof dichloromethane and washed with 5 mL 
of saturated sodium bicarbonate solution, brine (5 mL), dried over MgS04 and concentrated. Rash chro- 
matography of the residue over 20 g of silica gel with CH2Clrether (3:1) as eluent gave 0.529 g of the 

45 desired product 

^H NMR (400 MHz, CDCI3) 5 7.39-7.20 (m. 5H), 7.20-7.10 (m, 21/2H), 7.08 (dt, IH). 6.92 (t, 1/2H), 6.55 
(d, 1/2H). 5.20-5.10 (m, IH), 4.94 (bs. IH). 4.60 (bd. 1H). 4.53-4.40 (m. 2H). 4.10 (2bs,2H), 4.05-3.90 (m, 
2H). 3.70 (dt, IH), 3.63 (s. 11/2H). 3.61 (s, 11/2H), 3.59-3.50 (m. IH), 3.05 (dt, IH), 2.70 (dt, 1H0. 1.90- 
1.50 (m, 4H). 1.49 (s. 4H), 1.44 (s, 2H). 1.39 (s, 9H). 

50 Step B: N-[1(R)-{(1,2-Dihydro-1-[2-carbomethoxymethanesulfonyl-spirD[3H-lndoie-3.4-plperdlnIl-1'- 
yl)carbonyll-2-(phenylmethyloxy)ethy11-2-amino-2-methylpropanamide hydrochloride 

To a solution of 0.113 g the above intenmediate In 1 mLof dichloromethane was added I.OmLof tri- 
f luoroacetic acid and maintained at RT for 30 min. The reaction mbcture was evaporated to dryness, ba- 
sified with 10% aqueous sodium cart>onate solution (10 mL), and extracted with dichloromethane (3X5 

55 mL). The combined organics were washed with brine (10 mL). dried over potassium cart)onate. and con- 
centrated. This material was dissolved in 2 mLof ethyl acetate and 0.20 mL of 4M HCI in EtOAc was added 
at O^'C. Ether was added and the precipitate was filtered under nitogen and washed with ether and dried 
to give 0.108 g of the product as a white solid. 
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iH NMR {400MH2, CD3OD) 5 7.40-7.20 (m, 5H), 7.08 (d,1H), 6.95-6.80 (m. 2/1/3H), 6.23 (dd. 2/3H). 5.20- 
5.10 (m, 1H), 4.60 (bd. 2/3H). 4.58-4.40 (m. 3/1/3H). 4.10-4.00 (m. 1H). 3.388-3.70 (m, 21/3H). 3.66-3.60 
(m, 1/2H). 3.60-3.50 (m, 1H), 3.10-2.95 {m, 1H), 2.86 (s, 1H), 2.84 (s, 2H). 2.80 (t, 1/3H), 2.65 (t. 2/3H). 
2.90-2.50 (m, 4H). 1.45 (s. 4H). 1.44 (s. 2H). 

5 

EXAMPLE 33 

Step A: N-[1(RH(1»2'Dihydro-1-[2-caffaoxymethanesutfonyl-splro[3H-lndole-3,4-piperdinll-1 -yl 
nyll'2-(phenylmethyloxy)ethylHI(1 .1-dimethylethytoxy)carbonyi]afninol-2- methyl propanamide trifluoroa- 
10 cetate 

To a solution of 0. 1 26 g the Intermediate from Step A of Example 32 in 3 mL of methanol and 1 mL of 
water at O^^C was added 2 drops of 5N aqueous sodium hydroxide and stirred for 30 min. The reaction mix- 
ture was acidified to pH=2 with 0.50N aqueous hydrochloric acid, diluted with brine (5 mL). and extracted 
with CH2CI2 (2X5 mL). The combined organics were washed with brine(1 0 mL), dried over MgS04 and cen- 
ts centrated to give 0.098 g of a white foam. 

NMR (400MHz. CDOa) 6 9.80 (bs, 1H). 7.45 (d. 1/2H). 7.40-7.13 (m, 7H). 7.02 (t, 1/2H), 6,90 (t, 1/2H), 
6.50 (d, 1/2H), 5.22-5.10 (m, 1H). 4.60-4.40 (m. 3H). 4.20-4.00 (m.3H). 3.92 (d. 1H). 3.70-5.50 (m. 2H). 
3.04 (dl, 1H). 2.70 (dt, 1H), 1.93-1.50 (m, 4H). 1 .42 (s, 6H), 1.33 (s. 9H), 

Step B: N-[1(R)-[(1.2-Dihydro-1-[2-carfaoxymethanesulfbnyi-spiroI3IH-indole-3.4-pipefdlnI]-1 -yl)cartK^ 
20 nyl)-2-(phenylmethyloxy)ethyl)-2-amino-2-methyj propanamide 

To a solution of 0.098 g the Intennediate from Step A in 1 mL of dichloromethane was added 1 mL of 
trifluoroacetic add and stirred for 30 min. The reaction mbcture was evaporated to dryness and triturated 
with ether to 0.096 g of the product as a white solid. 

iH NMR {400MHz. CD3OD) 8 7.40-7.28 (m, 6H), 7.24-7.15 (m. 21/2H), 7.00 (dt, 1H), 6.80 (d, 1/2H), 5,17 
25 (dt. 1 H). 4.604.45 (m. 2H). 4.22 (d. 2H). 4.1 4-4.00 (m, 3H), 3.81-3.70 (m, 2H). 3.22 (dt, 1H), 2.83 (dt. 1H). 

1.96 (dt. 1/2H), 1.80-1.64 (m, 41/2H), 1.62 (s, 1H), 1.60 (s. 5H). 

EXAMPLE 34 

30 Step A r^[1(RH(1>2-Dihydro-1-[2-hydroxyethanesulfonyl-sp[ro[3H-indole-3,4'-piperdin]l-r-yl)carbonyll- 
2-(phenylmethyloxy)ethyn-n(1 ,1-dimethylethyloxy) cart)onyllamino}-2-methytpropanamide trif luoroace- 
tate 

To a solution of 0.222 g the intermediate from Step A of Example 32 In 2 mL of 2 mL of anhydrous 
tetrahydrof uran at RT was added was added 0.48 mL of 2M solution of lithium borohydrkle in tetrahydro- 
35 furan and stirred for 3h. The reaction mixture was quenched with 0.50 mL of acetone, diluted with 15 mL 
of water and extracted with CH2CI2 (2X15 mL). The combined organics were washed with brine(10 mL), 
dried over MgS04 and concentrated to give 0.27 g of a white foam. Flash chromatography of the residue 
over lOg of silica gel with CH^r^CBtone (2:1) as eluent gave 0.129 g of the desired material as a thick 
OIL 

40 NMR (400MHz. CDCI3) 6 7.32-720 (m. 6H), 7.20-7.10 (m. 2H), 7.09 (d. 1/2H). 6,98 (L 1/2H). 6.90 (t. 

1/2H), 6.54 (d. 1/2H). 5.17-5.10 (m, 1H). 5.00 (bs. 1H). 4.61-4.39 (m. 3H), 4.10-3.95 (m, 5H). 3.93-3.74 
(m. 2H), 3.66 (ddd. 1H). 3.53 (dt, 1H). 3.27 (dt, 2H). 3.00 (dt. 1H). 2.70 (dt. 1H). 1.90-1.50 (m. 4H). 1.43 
(s. 4H). 1 .41 (8, 2H). 1 .36 (s. 9H). 

Step B: N-[1(R)-[(1,2-Dihydro-1-[2-hydroxyethanesulfonyi-spirot3H-indole-3.4'-piperdinll-1 -y1)cart>onyf]- 
45 2-(phenylmethoxy)ethyll-2-amino-2-methylpropanamide trifluoroacetate 

To a solution of 0.129 g the intermediate from Step A in ImL of dichloromethane was added 1 mLof 
trifluoroacetic acid and stirred for 30 min. The reaction mbcture was evaporated to dryness and triturated 
with ether to 0.113 g of the product as a white solid. 

^H NMR (400MHz. CD3OD) 6 7.40-7.25 (m. 6H), 7.25-7.13 (m, 21/2H), 6.98 (dt, 1H). 6.80 (d, 1/2H). 5.20- 
50 5.10 (m. 1H). 4.604.43 (m. 3H), 4.10-3.90 (m, 5H), 3.81-3.70 (m. 2H), 3.40-3.33 (dt, 2H). 3.20 (dt. IN), 
3.62 (dt. 1H). ZOO-1.63 (m. 4H). 1.61 (s. IN), 1.58 (s, 5H). 

EXAMPLE 35 

55 Step A: N-[1(R)-[(1.2-Dihydro-1-trifluoromethanemethanesujfonyl-splro[3H-indole-3.4'-piperdin}-1'- 
yl)cart>onyj]-2-(phenylmethyioxy)ethyl>[I(1,1-dimethylethyloxy)carbonyllamlno}- 2-methylpropanamide 
hydrochloride 

To a solution of 0.1 50 g the htermediate from Step B of Example 29 in 5 mL of dichloromethane was 
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added 0.10 mL of N*methylmorpholine and 0.057 mL of trif luoromethanesulfonte anhydride and stirred at 

0*^0 for 15 min. The reaction mixture was diiuted witii 5 mL of saturated aqueous sodium bicart)onate sol- 
ution and extracted with 2X5 mL of dichloromethane. The combined organics were washed with brine (5 
mL). dried over MgS04 and concentrated. Flash chromatography of the residue over 1 0 g of silica gel with 
5 hexaneacetone (3:1 ) as eluent gave 0.1 36 g of the desired producL 

NMR (400 MHz. CDQa) 8 7.40-7.15 (m. 6H), 7.15-6.93 (m. 21/2H). 6.53 (d. 1/2H), 5.20-5.10 (m. 1H). 
4.90 (bs, 1 H). 4.70-4.60 (m, 3H). 4.15-3.90 (m. 3H). 3.70 (ddd. 1 H), 3.60-3.50 (m, 1H). 3.00 (dt, 1H), 2.70 
(dL 1H). 1.9S-1.55 (m, 4H), 1,46 (s. 4H), 1.43 (s, 2H), 1.40 (s, 9H). 

Step B: N-[1(R)-[(1,2-Dihydro-1-trifluoromethanesulfonyi-sptro[3H-indde-3,4'-pip8rdin]]-1'-yt)carbonyt> 
10 2-(phenylmethyloxy)8thyl]-2-amino-2-methylpropanamide hydrochloride 

To a solution of 0.136 g the above intermediate in 1 mL of dichloromethane was added 1.0 mL of tri- 
f luoroacetic acid and maintained at RT for 30 min. The reaction mixture was evaporated to dryness, ba- 
' sified with 10% aqueous sodium carbonate solution (5 mL), and extracted with ethytacetate (2X5 mL). The 
combined organics were washed with brine (5 mL), dried over potassium carbonate, and concentrated. 
15 This material was dissolved In 2 mL of ethyl acetate and 0.20 mL of 4M HCI in EtOAc was added at O'^C. 
Ether was added and the precipitate was filtered under nitrogen and washed with ether and dried to give 
0.94 g of the product as a white solid. 

iH NMR (400 MHz, CDaOD) 8 7.40-7.15 (m. 6H). 7.15-6.93 (m, 21/2H), 6.53 (d, 1/2H). 5.20-5.10 {m, 1H), 
4.90 (bs, 1H), 4.7(M.60 (m, 3H). 4.15-3.90 (m, 3H), 3.70 (ddd. 1H). 3.60-3.50 (m, 1H), 3.00 (dt, 1H). Z70 
20 (dt. 1 H). 1 .93-1 .55 (m. 4H), 1.46 (s. 4H), 1 A3 (s. 2H). 

EXAMPLE 36 

Step A: N-[1(R)-[(1 ,2-Dihydro-1-benzene8ulfonyl-spiro[3H-indote-3.4'-piperdinl-1*-yi)cartonyll-2-(phenylme- 

25 thyloxy)ethyl]-2-amlno-2-methylpropanam{de hydrochloride 

To a solution of 0.148 g the intermediate from Step B of Example 29 in 3 mL of dichloromethane %vas added 
0.30 mL of N-methytmorpholine and 0.022 mL of benzenesulfonyl chloride and stirred at room temperature for 
1 h. The reaction mixture was diluted with 10 mL of dichloromethane and washed with 1 0 mL of saturated aqu- 
eous sodium bicarbonate soIutk>n, dried over MgS04 and concentrated. Flash chromatography of the residue 

30 over 10 g of silica gel with hexane-acetone (3:1) as eluent gave 0.190 g of the desired product 

To a solution of 0.190 g the above Intermediate in 3 mL of dichloromethane was added 3 mL of trlfluoroa- 
cetic acid and maintained at RT for 30 min. The reaction mbcture was evaporated to dryness, basif led with 
10% aqueous sodium carbonate solution (5 mL). and extracted with ethytacetate (2X5 mL). The combined or- 
ganics were washed with brine (5 mL), dried over potassium carbonate, and concentrated. This material was 

35 dissolved In 2 mL of ethyl acetate and 0.40 mL of 4M HCI in EtOAc was added at O^C. Ether was added and 
the precipitate was filtered under nitogen and washed with ether and dried to give 0.136 g of the product as a 
white solid. 

^H NMR (400MHz, CD3OD) 8 7.82 (d. 2H), 7.67-7.58 (m, 2H), 7.52 (t 2H), 7.40-7.20 (m. 6H), 7.10-6.90 (m. 
11/2H), 6.68 (d, 1/2H), 6.10 (dt. ^H), 4.53 (ABq. 2H), 4.35 (t, 1H), 4.00-3.80 (m, 3H), 3.75-3.65 (m, 2H). 3.10 
40 (dt, 1H). 2,73 (dt, IN). 1.75 (dt. 1/2H), 1.48 (m, 11/2H). 1.20-1.05 (m, 2H). 

EXAMPLE 37 

Step A: ^^[1(R)-[(1,2-Dihydro-[1-ureidomethyl-spi^o[3H-indole-3,4*-piperdinl-1 -yi)carbonyl]-2-(phenylmethy- 
45 loxy)ethyl]-2-amino-2-methytpropanamide trifluoroacetate 

To a solution of 0.148 g the intermediate from Step B of Example 29 in 5 mL of 1,2-dichloroethane was 
added 0.10 rnL of methyllsocyanate and stirred at RT for 1 h. The reaction mbcture was evaporated to dryness. 
Flash chromatography of the residue over 1 5 g of silica gel with CH2Cl2-acetone (2:1) as eluent gave 0.137 g 
of the desired product 

so This material was treated with 3 mL of dichloromethane and 3 mL of trifluoroacetic acid for 30 min. at RT. 
The reaction mixture was evaporated to dryness and triturated with ether to give 0.126 g of a pale yellow solid. 
^H NMR (400MHz, CDjOD) 8 7.82(dd. 1H). 7.42-7.35 (m. 5H), 7.30-7.20 (m. 21/2H). 6.75 (d, 1/2H). 5.19 (dt, 
1H), 4.60-4.50 (m, 3H), 4.13 (bd, 1H), 3.90-3.68 (m, 4H), 3.25 (t. 1H), 2.90-2.70 (28, 4H), 1.98 (dt, 1/2H), 1.85- 
1 .65 (m, 31/2H), 1.62 (s, 2H), 1 .59 (s. 4H). 

55 

EXAMPLE 38 

N-[1(R)^(1,2-Dihyd^o^1-^1^fnethQxycalt)onyl-1-methyl-ethanesulfony^spi^o[3H-lndde^^,4'-pipe^ 
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bony!l*2>(indol-3«yl)ethyr|-2- amino-2-fnethyipropanamldB trifluoroacetate 

Step A: 1,2-Dihydro-1-[1-methoxycarbonyl'1«methyl-ethanesulfonyll-spfro[3H-indote'3,4'-^ 

To 5.06 9 of 1,2-Dihydro-1-benzytoxycarbonyl-spiro[3H-indole-3,4'-piperdind] hydrochloride in 50 mL 
of dichloromethane was added 3.0 mL of triethytamine and 3.40 g of dM-butytcarbonate and stirred at room 

5 temperature for 3h . The reaction mixture evaporated to dryness and diluted with 1 00 mL of ether and wash- 
ed with 50 mL of 0.50N aqueous hydrochloric acid, 50 mL of brine, dried over MgS04 and concentrated. 
To this crude product in 50 mL of ethanol was added 1g of 20% palladium hydroxide on carbon and hy- 
drogenated with H2 balloon overnighL To 0.506 g of this compound in 15 mL of dichloromethane at O^'C 
was added 0.74 mL of triethylamine and 0.41 mL of carbomethoxymethanesulfonyl chloride and stirred for 

10 Ih. The reaction mixture was diluted with 25 mL of ether and washed with saturated sodium bicarbonate 
solution (20 mL), dried over MgS04, and concentrated. Flash chromatography of the residue over 25 g of 
silica gel with hexane-ethyl acetate 4:1 as eluent gave 1 .79 9 of the desired material as a thick oil. 

Sodium hydride (0.102 g of 60% in mineral oil) was washed with hexanes and then suspended In 5 
mL of dry DMF. A solution of 0. 158 g of the above Intermediate in 1 mL of DMF was added and stirred for 

15 30 min. Methyl iodide (1.85 mmol) was added and stirred for 3h. The reaction mixture was poured into 15 
mL of saturated aqueous ammonium chloride solution and extracted with ether (2X15 mL). The combined 
organlcs were washed with water (1 5 mL), brine (15 mL), dried over MgS04 and concentrated to give 0.179 
g of the desired material. 

<H NMR (200 MHz. COa^) 6 7.32 (d, IH), 7.20-6.90 (m. 3H). 4.13 (bd, 2H), 2.83 (bt, 2H), 1.85-1.70 (m, 

20 . 4H), 1.69 (8. 6H), 148 (s. 9H). 

Step B: N-[1(R)H[(1,2-Dihydro-[1-methoxycart)onyl-1-methylethanesu>fbny1>spiro[3H-lndole-3,4'-plp 
dinl-1 -yl)carbonyll-2-(tndol'3'yl)ethyl]-n(1 ,1 -dimethylethyloxy) carbonyl]aminol-2'nrtethylprDpanamide 

To a solution of 0.179 g of the intermediate from Step A was add^ 1 mL of dichloromethane and 1 
mLof trif luoroacetic acid and stirred for 30 min. The reaction mbcture was evaporated to dryness, basified 

25 with 10 mL of 10% aqueous sodium cart>onate solution and extracted with 2X10 mL of dichloromethane. 
The combined organlcs were washed with brine (10 mL), dried over potassium cartwnata, filtered, and con- 
centrated to 0.120 g of the piperidine as a thick oil. To a solution of this compound in 5 mL of dichlorome- 
thane was added 0.1 32 g of the acid intermediate prepared in Example 21 Step B, 0.055 g of HOBT, 0.1 02 
g of EDC and stirred for 18h. The reaction mixture was diluted with 25 mL of ether and washed with 15 

30 mL of 0.05N HCI, saturated sodium bicarbonate solution (15 mL), dried over MgS04 and concentrated. 
Rash chromatography of the residue over 20 g of silica gel with CHaCis-aoetDne (5: 1 ) as eiuent gave 0.094 
g of the desired product 

^H NMR (CDCI3, 4OOMH2) 8 8.60 (8. 2/3H), 8.50 (s, 1/3H). 7.70 (d, 2/3H), 7.60 (d, 1/3H), 7.35 (d. 2/3H), 
7.30 (d, 1/3H). 7.26-7.00 (m, 5H). 6.90 (t, 11/3H). 6.40 (d. 2y3H). 5.28-5.16 (m, IN), 5.05 (bs, IN). 4.41 
35 (bd, 2/3H), 4.32 (bd, 1/3H). 3.78-3.65 (m, 2H), 3.56 (s. 2H). 3.55 (s. IH). 3.50 (bd. IH). 3.20 (dt, IH). 3.15 
(ddd, IH), 2.75 (t. IH). 2.42 (m. IH), 1.18 (d, 2H). 1.24 (s, 4H), 1.50 (s, 2H). 1.48 (s, 4H). 1.42 (s, 9H), 
1.30-1.18 (m, IH), 1.10-0.90 (m. 11/3H). 0.03 (dt, 2/3H). 

Step C: N-I1(R)-[(1,2«Dihydro-[1-methoxycart)onyl-1-methylethanesulf6nyl}-spiroI3H-indole-3,4'-piper- 
din]-1'-yl)carbonyil-2-(indol-3-yl)ethyll-2-amino-2-methyipropanamide trifluoroacetate 
40 A solution of 0.094 g of the intermediate from Step C was treated with 1 mL of dichloromethane and 

1 mL of trif luoroacetic add for 30 min., evaporated to dryness and triturated with ether to give 0.082 g of 
the desired product 

^H NMR (CD3OD, 400MHz) S 7.70 (d, 2/3H), 7.60 (d. 1/3H), 7.35 (d, 2/3H), 7.30 (d, 1/3H). 7.26-7.00 (m. 
6H), 6.90 (t, 11/3H), 6.40 (d. 2/3H), 5.28-5.16 (m. IH), 6.05 (bs, IH). 4.41 (bd. 2/3H). 4.32 (bd, 1/3H), 3.78- 
45 3.65 (m. 2H), 3.56 (s, 2H). 3.55 (s. IH), 3.50 (bd. IH). 3.20 (dt IH). 3.1 5 (ddd. IH). 2.75 (t IH), 2.42 (m, 
IH), 1.18 (d. 2H), 1.24 (s, 4H). 1.50 (s. 2H). 1.48 (s. 4H). 1.30-1.18 (m. IH), 1.10-0.90 (m, 11/3H). 0.03 
(dt 2/3H). 

EXAMPLE 39 

50 

l^1(R)4(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4-pipeidln^1-^^ 
3-methylbutanamide hydrochloride 

Step A: N-I1 (RH(1 .2'Dihydra-1-methanesulfDnytspiroI3H*indole-3,4'-piperdlnl-1 '-yl)carbonyl}-2'(indol-3-yl)et- 
hyl}-3-amino-3'methylbutanamide 
55 To a suspension of 1.14 g of 1,2-dihydn>-1-methane-sulfonylsplro-[3H-indole-3,4'-piperidine] hydrochlor- 
ide (prepared as described in Step A of Example 18 (method 1)) in 50 mL of dichloromethane was added 0.80 
mL of N-methylmorpholine, 1.00 g of N-tBOC-D-tryptophan, 0.80 g of HOBT, and 1.20 g of EDC and stirred 
at RT for 1 8h. The reaction mbcture was diluted with 1 00 mL of ether and washed with 50 mLof 0.05N Ha, 50 



54 



EP 0 615 977 A1 

mL of saturated sodium bicart>onate solution, dried over MgSO^, and ooncentrated. 

A solution of the aboye intermediate in 50 mL of ethyi acetate at O'C was treated with HCI (g) for 2 min. 
and then stirred for 1h. Dry ether (50 mL) was added, and the precipitated solid was collected by filtration. 
Theyield was 1.44 g. 

5 To 0.86 g of Ihe amine hydrochloride in 30 mL of dichloromethane was added. 0.24 mLN-methyhnorphoHne. 

0.36 g of HOST, 0.56 g of EDC, and stirred overnight. The reaction mixture was diluted with 100 mL of ether, 
and washed with 0.05N Ha (50 mL). 50 mL of saturated NaHCOs. dried over MgS04. and concentrated. Rash 
chromatography of the residue over 20 g of silica gel with CHaas-acetone (5:1) as the eluent gave 0.74 g of 
the desired product 

10 To a solution of 0.74 g of the above intermediate in 5 mL of ethyl acetate at O^C was bubbled in dry HCI 
gas for 2 min. and stirred for 30 min. Ether was added to completely precipitate the product. The solid was 
filtered and washed with ether under nitrogen, and dried to give 0.57 g of the desired product 
iH NMR (CD3OD. 400MHz) 5 7.69 (d. 2/3H). 7.55 (d. 1/3H). 7.37-6.90 (m. 5H). 6.82 (bt. 11/3H). 6.43 (d, 2/3H). 
5.31-5.18 (m, 1H). 4.40 (bd. 2y3H). 4.30 (bd, 1/3H), 3.63-3.38 (m. 4H). 3.22-3.05 (m. 2H), 2.83-Z75 (m, 1H), 

15 2.80 (s. 1H). 2.74 (s. 2H). 2.63 (dd. 1H). 2.55-2.43 (m. 2H). 2.20 (bd, 1H). 1 .70-1.53 (m. 1H). 1.38 (2H). 1.36 
(s, 2H). 1.35 (8, 1H), 1.34 (s. 1H). 1.18 (bd, 1H). 1^0-0.94 (m, 11/3H), 0.03 (dt, 2/3H). 

EXAMPLE 40 

20 N-[1(R>-[(1.2-PihydrD-lHnethanesuifbnytspiro[3H-lndo!e-3.4'-plpertf^ 
3-dlhydroxylpropyll-aminol-3-methylbutanamide hydrochloride 

Step A: NI-[1(R)-[(1.2-Dihydro-1-methanesulfonylspiro[3H-indole-3.4-piperdin^r-yl)carfaonyq-2-(indo^ 
yi)ethyil-[3-[2(R)-3-dihydroxylpropyl}-aminol-3-methylbutanamide hydrochloride 

To a solution 0.30 g of the compound obtained in Step B of Example 39 in 5 mL of dry methanol was 

25 added 1 .5 g of anhydrous sodium acetate, 0.30 g (R)-1 ,2-isoprpylldene-glyceraldehyde {Telmhedron 1965, 
4f , 311 7) and stirred for 1 h. A THF solution of sodium cyanoborohydride (6.7 mLaf 1M solution) was added 
and stirred for 18h. The reaction mbdure was diluted with 20 mL of water and extracted with dichlorome- 
thane (3X10 mL). The combined organics were washed with saturated sodium blcart)onate solution (10 
mL), dried over KaCOa, and ooncentrated. Flash chromatography of the residue over 10 g of silica gel with 

30 CH^CIr-methanol (98:2) gave 0.146 g of the reducth^ely aminated compound. 

iH NMR (COaa, 400MHz) 5 8.70-8.40 (m, 2H), 7.63 (d, 2/3H), 7.55 (d, 1/3H), 7.37 (t, 1H), 7.32 (d, 1/3H). 
7.28 (d. 2/3H), 720-6.95 (m. 41/3H), 6.52 (d. 2/3H). 5.20-5.08 (m, 1H). 4,55-4.24 (m. 3H). 4.10 (t, 2/3H), 
4,05 (t, 1/3H). 3.80-3.70 (m. 1H). 3.70-3.50 (m. 4H). 3.30-3.10 (m. 2H). 2.84 (s. 1H), 2.80 (s. 2H), 2.80- 
2.70 (m, 2H). 2.68-2.45 (m, 1H), 2.37 (s. 2H). 1.70 (t, 2/3H), 1.52 (bd, 1/3H). 1.44 (s. 2H), 1.43 (s. 1H), 

35 1.35 (s, 2H). 1.33 (s. 1H). 1.25 (s. 3H), 1.33 (s, 6H). 1.20-1.05 (m. 2H), 0.90-0.65 (m. 1/3H), 0.30 (dt, 2/3H). 

Step B: 

A solution of 0.146 g of the above intermediate was stirred in 3 mL of methanol and 0.100 mL of con- 
centrated hydrochloric acid for 30 min. The reaction mixture was evaporated to dryness and the solid was 
washed with ether and dried to give 0.109 g of the desired material. 
40 iH NMR (400MHz. CDaOD) 5 7.63 (d. 2/3H), 7.65 (d, 1/3H). 7.41 (d. 2/3H), 7.38 (d, 1/3H). 7^32 (d. 1/3H). 

7.26 (d, 2/3H). 7.21-7.10 (m. 4H). 7.08-7.00 (m, 21/3H). 6.63 (d. 2/3H), 5.25 (dd. 2/3H), 5.19 (dd, 1/3H), 
4.36 (bd. 2/3H). 4.30 (bd. 1/3H). 3.92-3.83 (m. IH). 3.8O-3.50 (m. 6H). 3.28-3.10 (m, 3H), 3.05-2.95 (m, 
2H). 2.90 (s, IH). 2.86 (s, 2H). 2.78-2.55 (m. 4H), 1.83-1.65 (m. IH). 1.43 (s, 2H), 1.39 (s. 2H), 1.37 (s, 
IH), 1.32 (s, IH). 1.36-1.20 (m, IH), 0.04-0.18{n\ 22/3H), -0.08 (dt, 2/3H). 

45 

EXAMPLE 41 

N-I1(R>-r(1,2-Dihydro-1-methanesulfonylspirot3H-lndde-3,4'-piperdin>r^^^ 
hydroxylpropyllaminol-3-methylbutanamlde hydrochloride 

50 Step A: N-[1(R)-[(1.2-Dihydn>1-methanesulfbnytspiro[3H-indole-3,4'-piperdinl-1'-yl)cart>onyl>2-(lndd^ 
hyiH3-[2(R)-hydroxylpropyl)-amino}-3-methylt)utanamide hydrochloride 

To 0.26 g of the intermediate from Step B of Example 39 was added 5 mL of dry methanol, 1 .5 g of anhy- 
drous sodium acetate, freshly prepared 0.10 g of 2(R)-(tetrahydropyranyl)oxy-propion- aldehyde and stirred 
for 1h at room temperature. A THF solution of sodium cyanoborohydride (8.5 mL of 1M solution) was added 

55 and stirred for 1 8h. The reactton mbcture was diluted with 1 0 mL of saturated sodium bicarbonate solution and 
extracted with dichloromethane (2X15 mL). The combined organics were washed with brine (10 mL), dried over 
K2C03, and concentrated. Flash chromatography of the residue over 10 g of silica gel with CHaClz-methanot 
(98:2) as eluent gave 0.219 g of the desired product 
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The above material was stirred in 3 mL of dry methanol with 0.10 mL of concentrated hydrochloric acid, 
evaporated to dryness, and the residue was triturated with ether to give 0.174 g of the title compound as a 
pale yellow foam. 

NMR (400MHz, CD3OD) 6 7.63 (d. 2/3H), 7.55 (d, 1/3H). 7.41 (d. 2/3H). 7.38 (d, 1/3H), 7.32 (d, 1/3H), 7.26 
5 (d. 2/3H). 7^1-7.10 (m. 4H). 7.08-7.00 (m. 21/3H). 6.63 (d. 2/3H), 5.25 (dd, 2/3H), 5.19 (dd. 1/3H). 4.36 (bd. 
2/3H). 4.30 (bd. 1/3H), 3.92-3.83 (m. 1H), 3.80-3.50 (m, 4H). 3.28-3.10 (m, 3H), 3.05-2.95 (m. 2H), 2.90 (s. 
1H), 2.86 (s, 2H), 2.78-2.55 (m. 4H), 1.83-1.65 (m, 1H), 1.43 (s, 2H). 1.39 (s, 2H), 1.37 (s, 1H), 1.32 (s. 1H), 
1.36-1.20 (m. 1H), 1.28 (d, 3H). 0.04-0.18 (m. 22/3H), -0.08 (dt. 2/3H). 

10 EXAMPLE 42 

N-[1(R>'B3-oxospirorisobefgofuran-1(3H),4'-piperkJln]-r-yilcarbonyi}>2- 
propanamlde trifluroraoetate 
Step A: 

IS To 0.165 g of the add intermediate prepared as described In Step B of Example 19 in 10 mL of CH2Ci2 
was added 0.095 g of 3-oxosplro[isobenzofuran-1(3H),4'-piperidine]. 0.067 g of HOBT, and 0.110 g of EDC 
and stirred at room temperature for 4h. The reaction mixture was poured into 10 mL of CH2CI2, and washed 
with 20% aqueous citric add (5 mL), saturated sodium bicarbonate solution (5 mL), dried over MgS04, and 
concentrated. Flash chromatography of the residue over 10 g of silica gel with hexane-acetone (3:1) as the 

20 eluent gave 0.234 g of the coupled product 

To a solution of 0.024 g of the above Intermediate in 1 mL of CH2CI2 was added 1.0 mL of trtfluofoacetic 
acid and maintained at room temperature for 30 min. The volatiles were evaporated and the residue was tri- 
turated with ether to give 21 mg of the title compound as a solid. 

NMR (CD3OD, 400MHz) 5 7.85 (d, 1/2H), 7.80 (d. 1/2H). 7.63 (t. 1/2H), 7.54-7.40 (m, 2iy2H). 7.35-7.20 (m. 

25 51/2H), 7.06 (d, 1 H), 6.58 (d, 1/2H), 5.25-5.1 5 (m, 1 H), 4.93 (s, 1 H), 4.69 (bd, 1 H). 4.66-4.40 (m, 2H), 4.14 (bd. 
1 H), 3.70-3.40 (m, 2H), 3.18-3.10 (m, 1H), 2.13 (dt. IN), 2.90-2.75 (m, 2H), 2.7O-2.50 (m, 2H), 1.47 (s. 1.5H), 
1.46 (s, 1.5H), 1.44 (s, 1.5H). 1.43 (s, 1.5H),. 

EXAMPLE 43 

so 

N-[1(R)-[1,2-dihydrD-1-nrwthanesutfony<spirD[3H-lndde-3,4-piperidln>1VI)carbonyn^ 
methyl propanamide hydrochloride 

Step A: N-[1(R)-[1,2-dlhydrD-1-methanesuWbnylsplroPH-indol0-3,4'-piperidln>ry»)carbony^ 
2-amino-2-methylpropanamtde hydrochloride 
35 This compound was prepared from 2(R)-N-t-butoxycarbonyl-5-phenytpetanoic and 1,2-dihydro-1-metha- 
nesulfonylspirD[3IH-indoIe-3,4'-piperdln8] hydrochloride using chemistry described for the preparation of com- 
pound in Example 18. 

FAB MS Cata for C28H38N404S:MW » 526.2; found m/e = (nrH-1) 527.9 

40 EXAMPLE 44 

N-[1(R)-[1.2-dihydro-1-methanesutfonyisp{ro[3H-lndde-3,4'-piperidinl-1'yl)cart» 
2-amino-2'methyipropanamide trifluoroacetate 

Step A: N-{1(R)-[1,2-dihydro-1-methanesulfonylspiro[3H-indole- ^,4-plperidin^ryl)carbonyt]-2-phenyme- 
45 thylthio)ethyl}-2-aminO'2-methylpropanamlde trifluoroacetate 

This compound was prepared from the conrimercially available N-t-BOC-S-benzyl-D-cysteine and 1,2-dl- 
hydro-1-methanesulfonylspiro[3H-indole-3,4 -piperdine] hydrochloride using chemistry described for the prep- 
aratton of the compound in Example 18. 

FAB MS Calc for C27H36N4O4S2: MW = 544.7; found m/e - (m*i-1) 548.5. 

so 

EXAMPLE 45 

N-P (R.S)-{1 ^-dihydnM -methanesuffonylspirD[3H-lndole-3,4'-piperidinl-1 'yl)carbonyl}'2-(y-pyridomethytoxy)ethyl}- 
2-amino-2-methytpropanamide trifluoroacetate 
55 Step A: N^1(R,S)-[1,2-d^hydro-1-metha^esuifonytspiro[3H-indole-3.4-piperidin]-1V)cari)onyl^2-hydro^^ 
yi-carbamic add 1,1-dimethylethyi ester 

To a solution of N-t-BOC-(D>-serine (56 mg, 274 mmole) in 2.5 mL of THF at room temperature was 
added 1 .2-dihydro-1- methanesulfonylspiroI3H-lndol&-3,4 -piperdine] hydrochloride (prepared from Exam- 
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pie 18. Step A, 83 mg. 0^74 nmole), triethylamine (45 mU 0.33 mmole), HOBt (44 mg, 0.33 mmole), and 
EDC (63 mg, 0.33 mmole). After 3 hours, ttie mixture was diluted with ethyl acetate and then washed se- 
quentially with water and brine. The organic layer was dried over sodium sulfate, filtered and concentrated. 
The residue was purified by MPLC (silica gel, 100% ethyl acetate) to give 112 mg (90%) of the title conrh 
5 pound. 

Step B: N-[1(R,S)■[1,2-dihyd^o-1-metha^esulfo^ylspiro[3H-indole-3,4'-piperidi^^1VI)carbonyl^2-(2'«pyri^ 

domethyloxy)ethyll carbamic acid 1,1-dlmethylethyl ester 

To oil free sodium hydride (prepared from 60% oil dispersion of sodium hydride by washing with hex- 

anes (3X), 9 mg. 0.21 mmole). in 0.3 mL of THF was added 2-picolyl chloride (16 mg, 0.1 mmole) In 0.3 
10 mL of DMF. After 5 minutes, the intermediate obtained from Step A (45 mg, 0.1 mmole) was added to the 

reaction mixture. The mixture was stirred at room temperature for two hours and then diluted with ether. 

The ether layer was washed with water (5X). brine and dried over sodium sulfate. After purification (Prep- 

aratlve-TLC, silica gel, 100% ethyl acetate), 16 mg of the title compound was isolated (29%). 

NMR (400 MHz. CDCI3, mixture of rotamers): 8.53 (m, 1 H). 7.77-6.83 (m, 7 H). 5.75 (m. 1/2 H). 4.98 
15 (m. 2 H). 4.67 (m. 2 1/2 H). 4.25 (m, 1/2 H). 4.10 (m. 1/2 H). 3.91-3.67 (m. 4 H), 3.17 (m, 1 H). 2.91 (s, 3/2 

H). 2.89 (s, 3/2 H), 2.79 (m. 1 H). 1.95-1.69 (m. 4 H), 1.42 (s, 9/2 H), 1.41 (s. 9/2 H). 

Step C: r^[1(R,S)-I1,2-dihydro-1-methanesulfonylspiro[3H-(ndole-3,4'>piperidinl-1VI)cari3onyil-2-(2'-pyri- 

domethyloxy)-ethyl)-2-amino-2-methylpropanamide trifluoroacetate 

A solution of the intermediate obtained from Step B (16 mg. 0.029 mmole) in 0.5 mL trifluoroacetic 
20 acid was stinred at room temperature for 1/2 hour and then concentrated. To a solution of this residue In 

1 ml chloroform was added t-butyloxycartx)nyl-a-methylalanlne (6.5 mg, 0.032 mmde), HOBt (4.3 mg. 

0.032 mmole), triethylamine (10 ml. 0.064 nnmole), and ECX: (6 mg, 0.032 mmde). After 12 hours at room 

temperature, the mixture was diluted with methylene chloride and then washed with water and brine. The 

organic layer was dried over sodium sulfate, filtered and concentrated. The residue was purified by Prep- 
28 arath^e-TLC (silica gel. 1 00% ethyl acetate). The purified compound was concentrated. To the residue was 

added trifluoroacetic acid at room temperature. After 1 hour, the mixture was concentrated to give the title 

compound (5.3 mg). 

m NMR (400 MHz, CD3OD, mixture of rotamers): 8.70 (br. s, 1 H). 8.30 (m. 1 H). 7.84 (m. 1 H). 7.77 (m. 
1 H). 7.36 (m, 1 H). 7.24 (m, 1 1/2 H). 7.08 (m. 1 1/2 H), 5,24 (t. 6 Hz. 1 H). 4.86 (m. 2 H), 4.56 (d. 13 Hz, 
30 1H). 4.08 (m. 1 H). 3.95 (m, 4 H), 3.36 (m. 1 H), 2,97 (s. 312 H). 2.96 (s, 3/.2 H), 2.01-1.78 (m, 4 H). 1.63 

(8, 3/2 H). 1.61 (8. 3/2 H). 1.59 (s, 3/2 H), 1.58 (s. 3/2 H). 

EXAMPLE 46 

35 ^H1(R*S)-[1.2-^ihydro-1-^1ethanesutforylspi^o[3H-indole-3.4*-piperid^n}-1y)caftoony^ 
2-amtno-2-methylpropanamide trifluoroacetate 

Step A: N-[1 (R,S)-I1 ,2-dihydrO'l -methanesulfonyjspiroI3H-indole-3,4'-plperidln}'1 'yl)carfaonyll-2-(2'"pyri- 
dothlo)ethyil carbamic acid 1,1-dimethylethyl ester 

To oil free sodium hydride (600 mg, 7.5 mmole) suspension in 20 mL DMF was added N-t-BOC-D- 

40 cysteine (1.2 g. 5.4 mmole) In 20 mL DMF at -lO'^C. The mixture was warmed to room temperature and 
stirred for addition an hour. A solution of 2-brompyridine (0.514 mL. 5.4 mmole) In 10 mL DMF was added 
to the reaction mbcture. After heating for 20 hours at 80^C. To this reaction mixture was added Cul (I.039. 
5.4 mmole) and stirred at the san^ temperature for another 20 hours. The mbcture was cooled to room 
temperature and poured into 0.5 N hydrochloric acid and extracted mth ether. The ether layer was filter 

45 though Cellte. dried over sodium sulfate and concentrated. The residue was purified by MPLC (silica gel. 
methylene chloride/methanol=10/1). To the purified compound (170 mg, 0.57 mmole) in methylene chloride 
was added 1.2-dihydro-1-methanesulfonytspiro[3H-indole-3.4'-piperdine] hydrochloride (prepared from 
Example 18. Step A, 172 mg. 0.57 mmole). triethylamine (95 mL. 0.68 mmde), HOBt (92 mg. 0.68 mmde), 
and EDC (1 30 mg, 0.68 mmole) and reacted according to the procedure described in Example 45, Step A 

50 to give the title compound (31 0 mg. 99%). 

Step B: N-[1 (R.S)-[1 .2-dlhydro-1-methanesulfonylspiroI3H-indole-3,4 -piperidlnl-1'yOcait)onyll-2-^2'-py^ 
doth^o)ethyl^2-amino-2-methylpropanamide trifluoroacetate 

Prepared from the Intermediate obtained from Step A (290 mg. 0.53 mmole) by the TFA deprotectlon 
procedure. This gave the title compound (102 mg). 

55 iH NMR (400 MHz, CD3OD, mixture of rotamers): 8.45(dd. 5. 1 Hz. 1 H). 7.61 (m, 1 H). 7.39-7,05 (m. 6 

H). 5.27 (m. 1 H), 4.52 (t, 12 Hz. 2H). 4.01 (m. 3 H). 3.80 (m. 1 H), 3.45 (m. 1 H). Z98 (s. 3 H). 2.90 (m, 1 
H). 2,10 -1.79 (m. 4 H). 1.63 (s, 3/2 H). 1.60 (s, 3/2 H), 1.59 (s. 3/2 H), 1.58 ( s. 3/2 H). FAB-MS: 532.7 
(M+1). 
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EXAMPLE 47 

N'[1(R.SH1*2-dlhydro-1-methanesulfony1spiropHHndole-3,4'-piperidinl' 
2-amino-2-methylpropanamidetrifluoroacetate 
5 Step A: N-t-Boocydohexytcysteine 

To a solution of cydohexylmercaptan (1 mL, 8.18 mmole) and methyl 2-acetaniidoacrylate (1.29 g, 9 
mmde) in THF was added a catalytic amount of sodium hydride at room temperature. After 7 days, the 
reaction was concentrated. Asolution of the residue in 20 mL 6 N hydrochloric acid was ref luxed for 4 hours 
and cooled to room temperature. The resulting solution was allowed to stand for 12 hours and filtered. 
10 The solids were dried under vacuum. To a mixture of this hydrochloric add salt in 1 1^ sodium hydroxide 
solut'ton (15 mL] was added dt-t-t>utyl dicart>onate (1 .68 g. 7.7 mmole) in 1 5 mL 1 ,4-dioxane. After 12 hours, 
the mixture was poured Into 0.5 N hydrochloric acid and extracted with ethyt acetate. The organic layer 
was washed with water, brine and dried over sodium sulfate. After filtration and concentration, the title 
compound was isolated in 92% yield (2.23 g). 
IS Step B: N-[1(R,S)-[1,2-dihydro-1-methanesulfonylspiro[3H-indole- 3.4-piperidin]-1'yl)carbonyll-2-(cydo- 
hexylthio)ethyl] cart)amic acid 1,1-dimethylethyl ester 

Prepared from the intennediate obtained from Step A(303 mg, 1 .0 mmole) by the procedure described 
in Example 45, Step A to give the title compound (420 mg) in 76% yield. 

Step C: |N^[1(R.S)«[1.2-dihydro-1-methanesulfonylspiro[3H-indole-3.4'*piperidin>1Vl)carbonyl}-2« 
20 hexylthlo)ethyil -2-n(1 .1'dimethylethyloxy)carbonytlamlnol-2-methylpropanamide 

A solution of the intermediate obtained from Step B (420 mg, 0.76 mmole) in 5 mL trif luoroacetic acid 
was stirred at room temperature for 1/2 hour and then concentrated and dried. To a solution of this residue 
in 10 mL chloroform was added t-butyloxycarbonyl-a-methylalanine (170 mg. 0.84 mmole). HOBt (113 mg, 
0.84 mmole), triethylamlne (116 mL, 0.84 mmole), and EDC (160 mg, 0.84 mmde). After 12 hours at room 
25 temperature, the mixture was diluted with methylene chloride and washed with water and brine. The or- 
ganic layer was dried over sodium sulfate, filtered and concentrated. The residue was purified by MPLC 
(silica gel, hexanes/ethyl ac6tate=1/1) to give the title compound (430 mg) in 89%. 
Step D: ^^[1(R,S>-(1.2-dlhyd^o>1-methanesulfonylspl^o[^H-indde»3,4'^plperidin^1Vl)carfaonyl^2>(cydo- 
hexylthio)ethyl}-2-amino-2'methylpropanamide trifluoroacetate 
30 A solution of the intermediate obtained from Step C (35 mg, 0.055 mmde) In 0.5 mL trifluoroacetic 

acid was stirred at room temperature for 1/2 hour and then concentrated to give the title compound (33 

mg). 

iH NMR (400 MHz, CD,OD. mixture of rotamers): 7.38 (d. 8 Hz. 1 H), 7.25-7.17 (m. 2 H), 7.06 (m, 1 H), 
5.02 (m, 1 H). 4.52 (m, 1 H), 4.11 (m, 1 H). 3.97 (m, 2 H), 3.39 (m, 1 H), 3.02 (m, 1 H). 2.98 (s, 3 H). 2.90- 
3S 2.71 (m, 3 H). 2.05-1 .74 (m. 9 H), 1.62 (s, 3/2 H). 1.61 (s. 3/2 H). 1 .60 (s. 3/2 H). 1.57 (s. 3/2 H), 1 .32 (m. 
5 H). FAB-MS: 537.9 (M-M). 

EXAMPLE 48 

^ l^[1(R,S)-t1,2-dIhydro-1-nriethanesutfonytsplro[3H^mide-3.4^p^ 
2*amino-2-methylpropanamide hydrochloride 

To a solution of the intermediate obtained from Example 47, Step C (35 mg. 0.055 mmde) in 1 mL methanol 
was added sodium periodate In 1 mL water at room temperature. After a couple of hours, the reaction mixture 
was diluted with ethyl acetate and washed with aqueous sodium sulfite sdution. The organic layer was dried 

45 over sodium sultete, filtered and concentrated. Deprotsdion of the residue by the trifluoroacetic add proce- 
dure (Example 47, Step D) gave the crude product, which was purified by Preparative -TLC (silica gel, me- 
thylene chloride/methanol/ammonlum hydroxidesi 0/1/0.1). The purified product was re-addified with HCI in 
ether to give the title compound (21 mg). 

^H NMR (400 MHz, CD3OD, mbdure of diastereomers and rotamers): 7.38 -7.04 (m. 4 H), 5.43 (m, 1 H), 4.50 
so (m. 1 H). 4.05 (m. 1 H). 3.96 (m, 2 H). 3.38 (m, 1 H). 3.1 3 (m. 1 H), 2.98 (s, 3 H), 2.90-2.71 (m. 3 H), 2.05-1.74 
(m, 9 H), 1.62 (m, 6 H). 1.51-1.32 (m, 5 H). FAB-MS: 553.9 (M+1). 

EXAMPLE 49 

« N-{1(R.S)-(1.2-<iihydro-1-methanesulfbnylspiro[3H-indde-3,4^ 
2-amino-2-methylpropanamide hydrochloride 

To a sdution of the intermediate obtained from Example 47, Step C (35 mg , 0.055 mmde) in 1 mL methanol 
was added OXONE In 1 mL water at room temperature. After a couple of hours, the reaction mbcture was diluted 
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with ethyl acetate and washed with aqueous sodium sulfite solution. The organic layer was dried over sodium 
sulfate, filtered and concentrated. To the residue was added trifluoroacetic acid by the procedure descrit)ed 
In Example 47. Step D to give a crude product, which was purified by preparathfe -TLC(silica gel, methylene 
chloride/methanol/ammonium hydroxide=10/1/0.1). The purified product was re-acidified with HCI in ether to 
5 give the title compound (12 mg). 

iH NMR (400 MHz, CD3OD. mixture of rotamers): 7.36 (dd, 7, 2 Hz, 1 H), 7.22 (m, 2 H). 7.06 (m, 1 H). 5.53 
(m, 1 H), 4.51 (m, 1 H), 4.11 (m, 1 H), 3.95 (m. 2 H). 3.49 (m. 2 H). 3.38 (m. 1 H). 3.10 (m, 1 H). 2.98 (s, 3/2 
H), 2.97 (s. 3/2 H). 2.91 (m. 1 H). 2.20-1.74 (m. 9 H). 1.62 (s, 3/2 H). 1.61 (s, 3/2 H). 1.58 (s. 3/2 H), 1.57 (s, 
3/2 H), 1.51-1.32 (m. 5 H). FAB-MS: 569.9 (M-M). 

10 

EXAMPLE 50 

N'[1(RHspiro[benzo[b]thiophene-3(2H),4-piperidinel-r-yi carbonyl-2-indole-3-yl)ethyl-2-amino-2-methyl- 
propanamidei hydrochloride 

IS Step A: 1-[(1.1-dlmethylethoxy)cart)onyll-3-hydroxy-4-methytene-1,2,5.6-tetrahydropyridlne 

To a suspension/solution of methyltriphenylphosphonlum iodide (30 g, 74 mmole) in 150 mL of THF 
was slowly added butyllithium (2.5 N, 25.5 mL, 63.7 mmole) at O^C. After stirring an hour at room temper- 
ature, N*t-BOC protected 4-piperidone (prepared from 4-piperidone monohydrate hydrochloride by the 
procedure described in Protective Groups in Organic Synthesis T. W. Greene. John Wiley and Sons, NY. 

20 1 981 .) in 50 mL of THF was added to reaction mixture at room temperature slowly. This reaction was stirred 
for 2 hours and filtered. The filtrate was concentrated and purified (MPLC, silica gel, hexanes/ethyl aoet- 
ate»10/1) to give the Wlttig product (7.9 g) in 82% yield. 

To a suspension of selenium dioxide/ailica gel (prepared according to the procedure described in 
Chem. tetL 1981, 1703) in 30 mL methylene chloride was added t-butyl hydroperoxide (1 .23 mL). After 15 

25 minutes, the Wittig product (0.72 g, 3.69 mmole) In 5 mL of methylene chloride was added. The cloudy 
solution was stirred for 3 hours and filtered though Celite. The filtrate was washed with water, brine and 
dried over sodium sulfate. The organic layer was concentrated and purified by flash diromatography (hex- 
anes/ethyl acetate=4/1) to give the title compound in 52% yield (0.41 g). 
Step 8: 1-[(1,1-dimethylethoxy)carbonylH-chloromethyl«1,2.5,6-tetrahydropyridine 

30 The intermediate obtained from Step A (400 mg, 1.88 mmole) was dissolved in 10 mL benzene and 

thionyi chloride (165 rnH, 2.26 mmole) was added and heated to 60*^C for 25 minutes. The resulting mixture 
was poured into NaHCOa (aq.) and extracted v^h ether. The ether layer was dried over magnesium sulfate 
and concentrated to give title compound (333 mg. 77%). 

Step C: 1-[(1,1-dimethylethoxy)carbonyl)-4«[K2-t)romophenyl)thiolmethyl-1,2,5,6-tettahydropyridine 
35 The Intermediate obtained from Step B (330 mg, 1 .43 mmole) was dissolved In 10 mL of acetone and 

2-bromothiophenol (172 ml, 1.43 mmole) and potassium carbonate (390 mg, Z66 mmole) were added. The 
reaction mixture was heated to 60^ for an hour and then filtered though silica gel (100% ether). The or- 
ganic layer was concentrated and purified by flash chromatography (silica gel, hexanes/ethyl acet- 
ate=10/1) to give the title compound in 84% yield (460 mg). 
40 Step D: 1 -[(1,1-dlmethylethoxy)carbonyl}-spiro[benzo[b]thlophene-3-(2H),y'-piperdine 

The intenrtediate obtained from Step C (450 mg, 1 .1 7 mmole) was dissolved in 60 mLof benzene and 
AIBN (10 mg) and tributyltin hydride (644 wL, 2.39 mmole) were added. This mbcture was refluxed for 2 
hours and concentrated. The residue was dissolved In ether and bromine was added till the reaction sol- 
ution turned to a brownish color. To this brownish solution at room temperature was added OBU (650 mL) 
45 in dropwise manner. The resulting cloudy solution was filtered though silical gel and washed with ether. 
The ether solution was concentrated and the residue was purified by radial chromatography (silic gel, hex- 
anes/ethyl acetate=10/1) to give title compound (157 mg) in 43% yield. 

Step E: N-[1(1R)-[spiro[benzo[b]thiophene-3(2H), /-piperdlnel-r-yl)carbonyl]-2-(lndole-3-yl)ethyll-2-ami- 
no-2-inethylpropanamide hydrochloride 

so Asolutlon of the Intermediate obtained from Step D (50 mg. 0.164 mmole) in 0.5 mLof TFA was stirred 

at room temperature for 1/2 hour and then concentrated. The residue was diluted with chloroform and 
washed with NaHCOa (^Q*)* organic layer was dried over sodium sulfate, filtered and concentrated to 
give free amine (32 mg) in 95%. A solution of free amine (5.1 mg, 0.025 mmole) In 1 ml chlorofonn was 
added the intenmediate obtained from Example 21 Step C (9.2 mg, 0.0246 mmole), HOBt (4.0 mg, 0.0;^5 

55 mmole) and EDC (5.6 mg, 0.0295 nrunde) at room temperature. After 12 houre. the reaction was poured 
into water and extracted with chloroform. The chlorofonn layer was dried over sodium sulfate, filtered and 
concentrated. The residue was purified by Preparath/e -TLC (silica gel. hexanes/ethyl aoetate=1/1) to give 
a colorless foam (13 mg, 94%). The title compound was obtained from this colorless foam according to 
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the procedure described in Example 18, Step C. 

NMR (400 MHz, CD3OD) mixture of rotamers: 5 7.62 (d. 8 Hz, 2/3 H), 7.54 (d, 8 Hz, 1/3 H), 7.39 (d, 8 
Hz, 2/3 H), 7.35 (d, 8 Hz, 1/3 H), 7.19-7.00 (m. 6 1/3 H), 2.62 (m. 1H), 1.72-1.65 (m, 2 1/3 H), 1.61 (s. 4H), 
1.50 (s, 2H), 0.94 (m, IN), 0.10 (m. 2/3 H). FAB-MS 477 (m+1). 

5 

EXAMPLE 51 

Step A' 1 \2«DimethyispirD[isoindolin-1 -one-3,4 -piperldine] 

To a stirred solution of 2-methylisoindolin-1-one (1.47 g, 10 mmol, availat)le from Aldrich chemical 

10 company) and mechlorethamine hydrochloride (2.9 g, 1 5 mmol) in DMF (50 mL) at O*" under Ar, was slowly 
added potassium hydride (35% in mineral oil, 4.5 g, 40 mmol). The reaction mixture was then slowly 
warmed to room temperature and stirred for additional 3 hours. TLC (60% ethyl acetate in hexane) showed 
reaction was complete. The mixture was slowly poured on to ice, and it was extracted with ethyl acetate 
six times. The combined organic extracts were dried (Na2S04) and evaporated. The residue was purified 

15 by flash chromatography eluting with a solvent gradient of 5-10% methanol in dichloromethane to provide 
1.17 g of product 

^H NMR (400 MHz, CDCI3): 6 7.85 (dd. J= 1.5 Hz, 6.5 Hz. 1H), 7.81 (d. J=7.1 Hz, 1H), 7.50-7.40 (m, 2H), 
3.03 (s, 3H), 2.95-2.90 (m, 2H), 2.71 (dl, J= 2.6 Hz. 11.4 Hz. 2H), 2.46 (s, 3H), 2.31 (dl, J=4.7 Hz. 13 Hz. 
2H), 1.44 (dd, J=1.6 Hz. 13 Hz, 2H). 

20 FAB-MS calc. for CuHisNzO, 230; found 231 (Mi-H). 

Step B: 2-MethytspirD[i80lndolin-1-one-3,4 *piperldinel 

The demethylation procedure was according to Tidwell and Buchwald, J. Org. Chem. 1992, 57, 6380- 
6382. To a stirred solution of the product from Step A (1 .0 g, 4.35 mmol) in 1,2-dlchloroethane (10 mL) at 
0^ was added 1-chloroethyl chloroformate (0.56 mL, 5.2 mmol) and the mbcture was stirred for 20 min.. 

26 Methanol (10 mL) was added and the resulting mbcture was refluxed for one hour. Evaporation and flash 
column purification eluting with 10-20% NH4OH-MeOH(1:10) in chloroform yielded 0.63 g of product 
^H NMR (400 MHz, CD3OD): 6 8.02 (d, J=8 Hz, 1H), 7.85 (d. J= 8 Hz, 1H), 7.70 (t, J= 8 Hz, 1H). 7.60 (t. 
J= 8 Hz, 1H), 3.75-3,60 (m, 4H). 3.10 (s, 3H), 2.60-2.51 (m, 2H), 1.72 (br. d. J» 14 Hz, 2H). 
El MS calc. for C^^^^H^. 216; found 301 (M^. 5%), 216 (M^, 185. 160. 

30 Step C: 2-Methyl8plroPsoindolin-1-one-3,4'-plperidine]-1'-cart)Oxyiic add, 1,1-dlmethylethyl ester 

To a stirred solution of 2-methy)isolndolin-1-one (100 mg) In DMF (2 mL) was added excess KH In 
mineral oil at 0** under Ar. After 5 min., b{s(2-bromoethyl)t-butyl carbamate (300 mg) was added and the 
mixture was stirred at room temperature for 1 h and heated at 80^ overnight The mixture was poured on 
to ioe, and it was extracted with ethyl acetate. The organic extract was dried (Na2S04) and evaporated. 

35 The residue was purified by prep-TLC eluting with 60% ethyl acetate In hexane to provide 1 6 mg of product. 

^H NMR (400 MHz. CDCI3): S 7.89 (dd. 1.3 Hz. 5.8 Hz. 1H), 7.75 (d, J= 6.5 Hz, 1H), 7.54-7.40 (m, 2H). 
4.35-4-10 (br. m, 2H), 3.02 (s. 3H), 2.14 (dt, J= 5.3 Hz. 13 Hz. 2H). 1.49 (s, 9H), 1.46-1.40 (m. 2H). FAB- 
MS calc. for C18H24N3O3, 316; found 317 (M+H, 100%). 
Step D: 2-Methylspirori8oindolin-1-one-3,4 -piperidine] 

40 The intermediate from Step C (16 mg) was treated with concentrated HCI and MeOH at room tem- 

perature for 2 hours and evaporated to yield the desired product 
All spectral data for this compound is the sanne as in step B. 
Step E: N-[1(R)-[(2-Methylspi^oPsoi^dolin-1-one-3.4'-piperk^in^1^yl)carbonyl^2-(lndol>^-yl)ethyl 
[[(1,1-dimethylethyloxy)carbonyllamino^2-methylpropanamide 

45 The compound was prepared according to standard peptide coupling technology from a(R)-D2-I[(1 ,1- 

dimethy1ethoxy)carbonyl]- amlno]-2.2-dlmethyl-1-oxoethyl)amino]-1H-indole-3-propanoic add (25 mg) 
and the product from Step B 

^H NMR (400 MHz. CDa,): 5 8.58. 8.44 (2 br. s. 1H). 7.80-7.15. 6.44 (m. d. J» 7.6 Hz, total 10H), 5.43- 
5.36. 5.22-5.15. (2m. 1H), 4.98 (br. s, 1H). 4.604.50 (br. m. 1H). 3.64-3.50 (br. m, 1H). 3.40-3.05, 2.72- 
50 2.64. (2m. 4H). 2.88, 2.51 (2s. 3H), 2.00-1.90 (m, 2H). 1.52, 1.51 (2s, 3H). 1.49 (s. 3H). 1.45. 1.44 (2s. 

9H), 1.40-0.40 (several m. 2H). 

FAB-MS cala for C33H4iN606, 587; found 588 (JM^H). 532. 488. 

Step F: N-[1(R)-[(2-Methylsplro^solndolin■1-one^^.4'-piperidln^1 '-y1)carbonyl]-2-<indol-3-yt)ethyt}-2-aml- 
no-2-methytpropanamidB hydrochloride 
55 The title compound was prepared using HCI in ethyl acetate from the product of Step E. 

^H NMR (400 MHz, CD3OD): 5 7.84-6,89 (m, 9H), 5.30. 5.15 (2 dd. 1H), 4.50-4.40 (m. 1H). 3.85-3.77 (m, 
IN), 3.65-3.50 (m), 3.40-3.15 (m), 2.95. 2.58 (2s, 3H), 2.95-2.85 (m), 2.55-2.47 (m). 2.22-2.15 (m). 2.09- 
2.00 (m), 1.65, 1.64, 1.60 (3s, 6H), 1.50-1.20 (m), 1.15-1.05 (m), 0.9-0.8 (m), 0.61-0.52 (m). 
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FAB-MS calc for CiJti^^Mfi^, 471; found 472 (M+H). 
EXAMPLE 52 

5 N-[1(R)-[[1-[niI6-[II4-a2ido-2-hydroxy-5-lodophenyl]carbonyl]amino]hexyl]amiTO 

dihydrospiro[3H-indole-3,4-piperidinl-1'-yilcaitonyl]-2-(phenylmethyloxy)ethy11-2-amino-2meth^ 
mide hydrochloride 

To a solution of the commercially availak)le N-hydroxysuccimldyl-4-azido-2-hydroxy-benzoate in 5 mL of 
CH2CI2 was added S-N-t-butoxycarbonyl-n-hexylamine hydrochloride and 0.10 mLof Munig's base and stinred 

10 for 4h. The reaction mixture was evaporated to dryness and chromatorgraphed on 15 g of silica gel. Button 
with hexanes-ethyl acetate (2:1) gave 0.229 of the acylated product To 29 mg of the above material was added 
2 ml of THF and 2 mL of 0.01 M aqueous NaOH, 25 mg of potassium Iodide. Chloramine-T (15 mg) was added 
and stirred for 30 min. The reaction was quenched with 2 mL of saturated sodium thiosulfate solution, diluted 
with 5 mL of OMH HCI and extracted with ethyl acetate (2X5 mL). The combined organics were washed with 

IS brine (5 mL), dried over MgS04 and concentrated. Flash chronnatography of the residue (5 g silica gel) with 
hexane-ether (3:1) gave 26 mg of the iodonated material. Deprotection of the N-fiOC was canied out with 4M 
HCI in ethyl acetate to give 21 .4 mg of the hydrochloride. 

To solution of this material in 5 mL of CH2CI2 was added 49 mg of the acid Intermediate form Step A of 
Example 33, 0.016 mL of NMM, 19.8 mg of HOBT, and 29 mg of EOC and stirred for 18 h. The reaction was 

20 worked up and purified in the usual manner. 

Once again deprotection of the N-tBOC group was earned with 4M HCI in ethyl acetate. This gave the title 
compound as a yellow-brown solid. This material was basif led tyy dissolving in 2 mL of saturated NaHCOs and 
extracted with CH2CI2 (2X3 mL). The combined organics were dried over Na2S04 and conoentreted to the title 
compound. 

25 NMR (CDQs, 400 MHz) The compound exists as a 3:2 mixture of rotamers. 5 8.40-8.20 (m, 1H), 7.95 (s, 
2/3H), 7.90 (8, 1/3H), 7.40-6.90 (m, 9 1/3H), 6.70 (e, 2/3H). 6.55 (m, 1 H). 5.20-5.10 <m, 1H). 4.70-4.40 (m. 4H), 
4.10-3.80 (m. 5H), 3.80-3.50 (m. 4H), 3.40-3.10 (m. 4H), 3.10-3.00 (m,1H). 2.70 (dt, 1H), 1.90-1.20 (m. 14H), 
1.30(8. 6H). 

30 EXAMPLE 53 

N-[1(S>j(1,2-dihydrD-1-methylsulfonylspiro[3H-indde-3,4-piperidinl-1-yl)cart» 
2-aminO'2'methytpropanamide hydrochloride 

Step A: N-[1(S)-[(1.2-Dihydro-1-methylsulfonyi8piro[3H-indole-3.4'-piperidinl-1Vi)carfaonyll-2-(phenylme- 

35 thylsulfonyl)ethyll2-amino-2-methylpropanamlde 

A sample of N-[1(SH(1.2-dihydn>1-methylsulfonylspiro [3H-indole-3,4'-piperidin)-1'yl)carbonyl]-2- 
(phenylmethytthio)ethyt]2-Q1,1-dimethylethytoxy)carbonyl]amino]-2-methylpropanamide (Example 44, 
Step C), 72 mg , was dissolved in 0.5 mL methanol and cooled in an Ice bath. To this was added, dropwise, 
with stirring, a solution of 101 mg OXONE (TM) in 0.5 mL water. The reaction was monitored over several 

40 houre by TLC on silica gel GF plates, developed with 2:1 EtOAc: hexane; two more polar spots were ol>- 
served to grow over time at the expense of the starting material. When the starting material was essentially 
gone, the reaction mixture was taken to near dryness under a nitrogen stream, and the reskiue extracted 
with chloroform. The MgS04 dried extract was subjected to preparative TLC on an 8** x 8" x 1 ,000 ^ silica 
get GF plate, developed with EtOAc: hexane; two bands were isolated. The less polar component was dls- 

45 solved in 0.5 mLof anisde, oooled in an ice-bath, and treated v^th 0.5 mL of TFA. The reaction was stop- 
pered and removed from the bath. After 30 minutes, the bulk of the TFA vras removed under aspirator va- 
cuum, and the bulk of the remaining anisole evaporated under a nitrogen stream. The residue was taken 
up In chloroform and shaken with 1 M K2HPO4. to which enough NaOH was added to give a pH > 9. The 
chloroform was then removed and the aqueous phase extracted several more tinras with chloroform, the 

so combined organic phases dried with MgS04, and concentrated under reduced pressure to a gum. Prepa- 
rative TLC on a silica gel GF plate with 0.5: 5: 95 Cone. NH4OI-l:Me0H: CHQa afforded the free base of 
the title compound. Calc. for C27H38N4O6S2: MW = 576.7; found m/e ^ (m-i-l) 577.5. 
Step B: N-I1(S)-[(1,2-Dihydro-1-methylsulfonylspiro [3H-indole-3.4'-plperldlnH'yl)carbonyll-2-(phenyl> 
methylsulfonyl)ethyil-2-amino-2-methylpropanamide hydrochloride 

55 The hydrochloride salt of the compound from Stop A above was produced using stendard procedures 

described above affording the title compound. 
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EXAMPLE 54 

Preparation of the two N-[1(S)-[(1,2-dihydro-1-methyisutfonylsptro>[3H>indole-3,4^piperidinl-1'^^ 
2-(phenylmethylsulfinyt)ethyl ^2>amino-2-methylpropanamide hydrochlorides 
5 Step A: N-[l(SH(1,2-Dihydro-1-rnethylsulfonylspiro[3H-indole-3,4^piperidin^1VI)carb^ 

thylsulfinyl)ethy!)'2-aminO'2-nriethylpropanamide 

Subjecting the more polar t>and from Step A, Example 53, to the TFA/ anisole deblocking procedure 
described there, followed by the same preparath^e TLC workup, two bands are isolated, corresponding to 
the two diastereomeric sulfoxides expected. 
10 For the less polar dlastereomer. Calc. for C27H38N4O6S2: MW = 560.7; found m/e = (m+1) 561 .7. 

For the more polar dlastereomer Calc. for C27H38N4O6S2: MW = 560.7; found m/e - (nvi-l ) 561.7. 

Step B: ^^-^1(S)-[(1.2^D{hyd^<K1^methyls^lfonylsplro[3H-^ndole-^,4'-piperidin^1 'yt)cart)onyl^2-(phenylme- 

thylsulfinyl)ethyi)'2'aminO'2-methylprDpanamide hydrochloride 

The title compound is obtained by substituting either of the compounds Isolated from Step A above 
f 5 for the compound prepared in Step A, Example 53 for Step B, Example 53, 

EXAMPLE 55 

N'[1 (RH(1 >2-Dihydn>1 -methanesulfonylspiro[3H-indole-3,4'«piperdin)-1 -yl)carfaonyn-2-(phenytmethylQxy)ethyn- 
20 . 2'amino>2-methylpropanamlde mesylate 

This compound was prepared by the treating the free base obtained in Example 18, Step C, with methane 
sulfonic ackl. The title compound was obtained by reaystallizing it from ethyl acetate-ethand-water. m.p. - 
16e«-168*»C. 

25 EXAMPLE 56 

2,3,3a,4,6,6a-hexahydro>2-oxo-1 H-thleno[3,4-d]imidazole-4(S)-pentanolc acid-6-[ini1 '-g(29R)-[I2-amino-2- 
methyl- 1 -oxopropyl}- amlnol-3-(phenylmethyloxy)-1 -oxopropyl}-2,3-dihydrosplroI3H-indote- 3.4 -plperidln]-1'« 
yllsulfonyllmethyllcarbonyilaminolhexyi ester trifluoroaoetate 
30 To a solution of 0.108g of the intermediate prepared In Example 33 step A in 5mL of CHaCIa was added 
20mg of 6-aminohexanol, 28mg of HOST, and 42mg of EDC and stirred for 4h. the reaction mbcture was diluted 
with lOmL of CH2CI2 and washed with 0.5N HCI (5mL), satureated aqueous NaHCOa (5mL). dried over MgS04 
and concentrated. The residue was purified by flash chromatography (1 Og silica gel) with CHjClraoetone (1 :1 ) 
as eluent 

35 To 56.2mg of the above intermediate in 2mL of CH2CI2 and 2mL of DMF was added 23mg of biotin, 14mg 
of DMAP. 28mg of EDC and stirred for 18h. The reactk)n was worked up In the ususal manner. Purification of 
the residue by flash chromatography over 5g of silica gel with CHaClracetone (1 :1) as the eluent gave 22mg 
of the biotin conjugate. Deprotection of the N-tBOC was carried out in CHaClrTFAto give 18.9mg of the title 
compound as a white solid. 

40 1H NMR (CDCI3. 400MHz) The compound is a 3:2 mbcture of rotamers. d 8.45-8.23 (m. 1H), 7.9 (s, 1H), 7.40- 
7.28 (m. 4H), 7.25-7.17 (m, 2H). 7.00 (dt, 2y3H), 6.80 (d. 1/3H). 5.21-5.14 (m. 1H), 4.60-4.42 (m. 4H). 4.28 (bt. 
1H). 4.15-4.00 (m. 6H). 3.85-3.70 (m, 2H). 3.20-3.10 <m. 3H), 2.90 (dd. 1H). 2.83 (dt. 1H), 2.70 (d, 1H), ^40- 
2.25 (m, 2H), 2.00-0.60 (m. 18H), 1.62 (8, 3H). 1.60 (s, 3H). 

45 

Claims 

1. A compound of the fbrmula; 

so 
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O 




R4 




c=o 

I 



c=o 

I 





>3a 



Rsb 



Formula I 



Formula II 



Ri is Ci-C,o alkyi, aryl. aryl (CrCe alkyi) and C3-C7 cydoalkyl (d-Cealkyl) or Ci-Csalkyl-K-d-Cs alkyl, 
aryl(Co-C5alkyi)-K-<CrC6 alkyl). C3-C7 cycloalkyj(Co-C5 alkyi)-K.(CrC6 alkyl) where K Is 0, S(0),„. 
N(R2)C(0). C(0)N(R2). 0C(0). C(0)0, or -CR2=CRr or -O-C- where the aryl groups are defined below 
and the R2 and alkyl groups may be futher substituted by 1 to 9 halogen, S(0)mR2i, 1 to 3 OR^ or 
C(0)0R2e and the aryl groups may be further substituted by phenyl, phenoxy, halophenyl, 1-3 CrCe alkyl, 
1 to 3 halogen, 1 to 2 OR2, methylenedtoxy, S(OX„R2, 1 to 2 CF3. OCF3. nitro, N(R2)(R2), N(R2)C(0)R2. 
C(0)0R2, C(0)N(R2)(R2), S02N(R2)(R2). N(R2)S(0)2 aryl or N(R2)S02R2; 

R2 is hydrogen, Ci*Ce alkyl. C3-C7 cydoalkyl, and where two CrCe alkyl groups are present on one atom, 
they may be optionally joined to form a Cj-Cb cyclic ring optk>nally including oxygen, sulfur or NR^; 
R2a is hydrogen or C|-Ce aJkyI; 

R3a and R^d are Independently hydrogen, halogen, Ci-Ce alkyl. OR2. cyano, OCF3, methylenedk>xy, nitio, 
S(0)inR, CP) or C(O)0R2 and when R3B and Rsb are in an ortho arrangement, they may be Joined to form 
a C$ to Cs aliphatic or aromatic ring optionally induding 1 or 2 heteroatoms selected from oxygen, sulfur 
or nitrogen; 

R4 and Re are Independently hydrogen, Ct-Ce alkyl. substituted C^-Ce alkyl where the substltuents may 
be 1 to 5 halo, 1 to 3 hydroxy. 1 to 3 CrCio alkanoyloxy, 1 to 3 CrCe alkoxy, phenyl, phenoxy. 2-furyl. 
Ci-Ce alkoxycarbonyl, S(0)„(Ci-Ce alkyl); or R4 and Rg can be taken together to form -(CH2)^« (CH2)s. 
where L« Is C(R2)2. O. S(0)m or H{R^, r and s are independently 1 to 3 and R2 is as defined above; 
Re is hydrogen or CfCe alkyl; 



A is: 




or 
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where x and y are independently 0-3; 
2 is N-R2 or O; 

R7 and Rja are independently hydrogen. C,-Cb alkyi. OR2. trif luoromelhyl, phenyl, substituted C,-C6 alky! 
where the substiluents are imidazolyl, phenyl, indolyl, p-hydroxyphenyl, OR2, 1 to 3 fiuoro. S(0)mR2, 
C(0)OR2. C3-C7 cycloalkyi, N(R2)(R2). C(0)N(R2)(R2); or R7 and Rj^ can independently be joined to one 
or both of R4 and groups to fonn alkylene bridges between the terminal nitrogen and the alkyi portion 
of the R7 or R7a groups, wherein the bridge contains 1 to 5 carbon atoms; 

B. D, E. and F are independently C(Re)(Rio). O, C=0. S(0)^, or NRg, such that one or two of B.D.E. or F 
may be optionally missing to provide a 5, 6, or 7 membered ring; and provided that B, D, E and F can be 
C(Re)(Rio) or C=0 only when one of the remaining B, D, E and F groups is simultaneously 0, S(0)m or 
NRq; B and D or D and E taken together may be N=CRio- or CRio=N or B and D or D and E taken together 
may be CRe=CRio provided one of the other of B and E or F is simultaneously S(0)m or NR9; 
Re and Rto are independently hydrogen. R2, OR2, (CH2)q aryl, (CH2)q C(0)0R2, {CH^^ C(0)0(CH2)<, aryl 
or (CH2)q (1H-tetrazot- 5-yl) and the aryl may be optionally substituted by 1 to 3 halo, 1 to 2 CfCs alkyI, 
1 to 3 OR2 or 1 to 2 C(0)0R2; 

Rfl is R2, (CH2)q aryl. C(0)R2. C(0)(CH2)q aryl, SO2R2. S02(CH2)q aryl. C<0)N(R2)(R2). C(0)N(R2)(CH2)q 
aryl. C(O)0R2. 1-H-tetrazol-5-yl. SO3H, SOjNHCeN. S02N(R2)aryl. S02N(R2)(R2) and the {CH^^ may be 
optionally substituted by 1 to 2 CrC4 aikyi, and the R2 and aryl may be optionally further substituted by 
1 to 3 ORaa. 0(CH2)q aryl. 1 to 2 C(0)0R2a. 1 to 2 C(0)0(CH2)q aryl, 1 to 2 C(0)N(R2a)(R2a). 1 to 2 
C(0)N(R2a)(CH2)qaryl, 1 to5halogen,1 tD3Ci-C4aIkyl. 1.2,4-tria20lyl.1-H-tetrazol-5-yl,C(O)NHSO2R2a. 
S(0)„R2a. C(0)NHS02(CH2)q aryl, SOaNHCsN. S02NHC(0)R2a. S02NHC(0)(CH2)qaryl. 
N(R2)C{0)N(Raa)(R2a). N(R2jC(0)N(R2a)(CH2)q aryl. N(R2a)(R2a). N(R2a)C(0)R2B, N(R2a)C(0)(CH2)q aryl. 
OqO)N(R2a)(R2a). 0C(0)N(Raa)(CH2)q aryl; S02(CH2)qCONH-(CH2)wNHC(0)R„. where w Is 2-6 and R^ 
may be biotin. aryl. or aryl substituted by 1 or 2 OR2. 1-2 halogen, azklo or nitro; 
misO. 1or2; 
ni8lor2; 

q can optlonaDy be 0. 1. 2. 3. or 4; and 

G. H. I and J are carbon, nitrogen, sulfur or oxygen atoms, such that atleast one is a heteroatom and one 
of G. H. I or J may be optionally missing to afford 5 or 6 membered heterocyclic aronrtatic rings; and phar- 
maceutically acceptable salts and Indhrkiual diastereomeis thereof. 

A compound of Claim 1 which Is: 

H H 

Ri-C-N-C— A — K 
I 6 '^5 



c=o 




Formula III 



where R, Is C,-Cio alky!, aryl (C1-C4 alkyO, CrCc cydoalkyi (0,-04 alkyi). (C1-O4 alky1)-MC|-C4 alkyl). 
aryKCo-Csalkyl)- K-(Ci-C4 alkyl). (C3-C7cycloalkyl)(Co-C6 alkyl)-K-(0i-04alkyl) where K is O. 
S(0)ai, -CR2=CRr or -CeC-; or N(R2}0(0) where R2 and the aikyI groups may be further substituted by 
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1 to7 halogen, S(0)inCi-C4alkyl, OR2 or C(0)0R2 and the aryl groups may be further substituted by Ci- 
C4 alkyt. 1 to 2 halogen. 1 to 2 OR2, CPs, OCFg. methylenedioxy. S(0),„R2, S02N(R2)(R2). N(R2)S02R2 or 
C(0)0R2; 

R2 is hydrogen, Ci-Ce alkyi, Ca-CTCycloalkyI, and, if two CrCe alky! groups are present on one atom, they 
may be optionally joined to fomi a C4-C6 cyclic ring optionally including 1 to 2 heteroatoms selected from 
oxygen, sulfur or NR2a; 
R2a is hydrogen or CrCe alkyf; 

Raa and Ra^are independently hydrogen, halogen, CrC4 alky), OR2, methylenedioxy, nitro, S(0)f„Ci-C4al- 
kyl, CF3orC(0)OR2: 

R4 and Re are independently hydrogen, Ci-Ce alkyl, substituted Ci-Cq alkyi where the substltuents may 
be 1 to 5 halo, 1 to 2 hydroxy, 1 to 2 Ci-Cb alkanoyloxy, 1 to 2 Ct-Ce alkyloxy or S(0)m(Ci-C4 alkyl); 
Ais : 

(CH2)x— C {CH2)y 

or 

~N(R2)-{CH2)x -C— (CH2)y 

Rra 

where x and y, are Independently 0, 1, or 2; 

R7 and R/a are independently hydrogen, 0^04 alkyl, substituted Ci-C4 alkyl where the substltuents are 
from 1 to 3 fluoro or Imldazolyl, phenyl, Indolyl. S(0)mCi-C4alkyl C(0)OR2 or R7 and Rra can independently 
be joined to one or both of the R4 and R^ groups to form alkylene bridges between the teminal nitrogen 
and the alkyl portion of the R7 or Rj^ groups, wherein the bridge contains 1 to 3 carton aton\s; 
B, D and F are Independently C(Re)(Rio)i C=0. O, S(0)„ or NR9 such that one of B, D or F may be op- 
tionally missing to provide a 5 or 6 membered ring and provided that one of B. D and F is C(Re)(Rio) or 
C=0 only when one of the remaining B, D and F groups is simultaneously O, S(0)|„ or NR^; 
Ra and R^o are Independently hydrogen, R2, OR2, (CH2)q aryl. (CH2)qC(0)OR2, (CH2)qC(0)0(CH2)q aryl 
(CH2}q (1 IH-tetrazol>5-yl) and the aryl may be optionally substituted by 1 to 3 halo, 1 to 2 CrC4 alkyl. 1 to 
SORjorl to2C(0)OR2; 

Re is R2. (CH2)q aryl, C(0)R2. C(0)(CH2)q aryl, SO2R2. SOzCCHz), aryl, C(0)N(R2)(R2). C(0)N(R2KCH2)q 
aryl, 1-H*tBtrazolyk5^yl. SOzNHChN, S02N(R2) aryt. S02N(R2)(R2) and the [CH^^ may be opttonally sub- 
stituted by 1 to 2 C1-C2 alkyl and the R2 may be optionally substituted by 1 to 2 0R2a> 0(CH2)q aryl, 1 to 

2 C(0)0R2a. C(0)N(R2a)(R2a). S(0)„R2a. 1-H-tetra20l-5-yl. C(0)NHS02R2,. C(0)NHS02(CH2)q aryl, 
N(R2e)C(0)N(R2a)(R2a) Or N(R2e)C(0)N(R2a)(CH2)q aryl and the aryl may be optionally substituted by 1 to 
2 0R2a, 1 to 2 halogen. 1 to 2 C1-C4 alkyt, 

C(0)0R2a or 1:H-tetrazol-5-yl; S02(CH2Xr C0NH(CH2Xr NHC(0)Rii. where w 1-6 and Rit may be btotln. 
aryl, or aryt substituted by 1 or 2 OR2, 1-2 halogen, azido or nitro; 
mis 0.1, or 2; 
qisO, 1,2or3; and 

the aryl group is phenyl, napthyl, pyridyl. thienyl, indolyl, thiazolyl or pyrimidinyl, 
and the pharmaceutically acceptable salts and Indh^idual diastersomers thereof. 

A compound of Claim 2 where F is not present. 

A compound of Claim 3 which is: 
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H H 

Ri-C-N"C' 
' II 

O 



—A 





C=0 



IV 



Rt is Ci-Cio alkyl. aryl (C1-C4 alkyO. CrCecydoalkyl (C1-C4 alkyl) or (C1-C4 alkylVK-Ci-Czalkyl-. aryl(C(r 
C2alkyl)-K-(Ci-C2 alkyl), CrCecycioaikyI (CVC2alkyl)-K-(Ci-C2a]kyl), where K is O or S(0)„, and ttie aryl 
groups may bQ further substituted by 1 to 2 C1-C4 alkyl, 1 to 2 halogen, OR2, C(0)0R2. CF3 or S(0)mR2: 
R2 is hydrogen, CrC4 alkyl, cydo CVCealkyI, and. If two C1-C4 alkyts are present on one atom, they may 
be optionally joined to form a CVOe cyclic ring optionally Including the heteroatoms oxygen or NR2a; 
R2B is hydrogen or C1-C4 alkyl; 

R^a and Rsb are Independently hydrogen, halogen, C1-C4 alkyl, C(0)0R2, hydroj^, CrC4 alkoxy, S(0)a,Ci- 
C4 alkyl orCFa; 

R4 and Rfi are Independently hydrogen. Ct»C4 alkyl, substttuted CrC4 alkyl where the aubatituents may 
be 1 to 2 hydroxy or S(0)„, (CrCsalkyI); 



where X is 0 or 1; 

R7 and Rra are independently hydrogen, CrCa alkyl; or R7 and R/a can independently be joined to one or 
both of the R4 and R0 grou ps to form alkytene bridges between the tenminal nitrogen and the alkyl portion 
of the R7 or R7Q groups to form 5 or 6 membered rings containing the tenminal nitrogen: 
B and D are Independently C(R8)(Rio). OO. O, S(0)(n. NR9 provided that one of B and D can be C(Ra)(Rio) 
or 00 only when the other of B and D Is O, S(0)m or NRe; 

Ra and R|o are independently hydrogen. R2, OR2, (CH^^ aryl, and the aryl may be optionally substituted 
by 1 to 2 of halo, 1 to 2 CrC4 alkyl, OR2 or 1 to 2 C(0)0R2: 

Rg is C(0)R2. C(0)(CH2)q aryl. SP2R2, S0(CH2)q aryl, C(0)N(R2)(R2), C(0)N(R2)(CH2)q aryl and the (CH^^ 
may be optionally substituted by 1 to 2 C%-C2 alkyl and the R2 may be optionally substituted by 1 to 2 of 
OR2B. 0(CH2)q aryl, C(0)0R2a. C(0)N(R2a(R2J. S(0)„R2a. 1-H-tetrazol-5-yl. C(0)NHS02R2s. or 
N(R2a)C(0)N(R2a)(R2a) and the aryl may optionally be substituted by 1 to 2 OR^, 1 to 2 halogen, 1 to 2 
Ct-C2 alkyl, C(0)OR2o. l-H-tetrazol-S-yl or S(0)„R2b: 

S02(CH2)qCONH(CH2)wNHC(0)Rtt where w s 2-6 and R^ may optionally be biotin, aryl, and an aryl be 
opttonally substituted by 1 to 2 OR2* 1-2 halogen, azJdo, nitro; 
m is 0, 1 or 2; 

q can optionally be 0, 1 , 2 or 3; 

aryl is phenyl, napthyl, pyridyl, indolyl, thienyl or tetrazolyl and the phanmaceutically acceptable salts and 
indivMual diastereomers thereof. 

A compound of Claim 1 having the formula: 



Ais: 
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CH3 

.CH3 



H H n 

1=0 o 
.N 




^3a 



Ri is 



^^CHgCHa: ^^CHzCHzCHg. ^^CH^OCHa. 



CH CH ^ 

CK?' . CP '. 

H H 



N CH2CH2CH2I 



F— / \-CH2CH2CH2; 



R3, is H. f luoro; 

D Is O, S. S(0)„, N(R2). NSOjCRj). NS02(CH2),aryl, NCpXRj). NS02<CH2),OH. NSOa(CH2),COOR2. f 
S02(CH^,C(0)-N((^R2). N-802(CH2),C(0)-N(R2)(CH2)wOH. 



N.S02(CH2)qC(0).N{R2)(CH2)w 




HN NH 

n 

O 
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N-S02(CH2)qC(0)-N(R2)(CH2)w - 




N-NH 

N-S02(CH2)q ( I 

N=N 

and the aryl is phenyl or pyridyl and the phenyl may k>e substituted by 1*2 halogen; 

R2isH.CrC4allcyl; 

m= 1,2; 

I is 0.1. 2; 

qfe1,2.3: 

w is 2*6; 

and the pharmaceutically acceptable salts and individual diastereomers thereof. 
A compound of Oafm 1 which Is: 

N41(R)-[(1.2-Dihydro-lHnethanesutfonytsplro[3H-indole-3.4'-pfperidin>1'^^ 
ethyl}-2-amtno-2-methylpropanamide; 
N-(1(RH(1.2-Dihydio-lHnr)ethanecarbonyl8piropmndoie-3.4'^ 
2-amino-2-methylpropanamide; 

hH1(RH(1.24)ihydn>-1-benzenesutfonylspiro[3H4ndole-3.4'i)lp^^ 
2-amino-2-nrrethylpropanamide; 

hH1(RH(d.4-Dihydro-spiro(2H-1-benzopyran-2.4'-piperidln]-r-yi) cafbonyl)-2-(1H-indol-3-yl)ethy11-2- 
amlno-2-methytpropanamide; 

N-[1(R)-[(2-Acetyf- 1 ,2.3,4-tetrahydro8piro[isoqulnolin-4.4 -pfperidin^1 '-yl)carbonyl^2-(indd-3-yl)6thyl}-2- 
amino-2-m6thyl-propanamIde; 

N-[1 (RH(1 ,2-Dihydro*1 •methanesulf6nylspiro[3H-lndole-3,4 -piperidin]-1'-yl) carbonyq-2-(phenylmethy- 
loxy)ethyl]-2-amino-2-methylpropanamide; 

N-[1(RH(1i2-OihydrD-1-methanesulfonylspiro[3H*indole-3,4-piperidln}-V-yO carbonyt]-2-(phenytmethy- 
loxy)ethyl}-2-amino-2-methylpropanamide mesylate salt 
N-{1(RH(1.2-Dihydro-1-methanesutfonylsplro[3H-indole-3,4'i)iperfdin]-r-yt)car^ 
nylmethyloxy)ethyl}-2-amino-2-methylpropanamide; 

N-[1 (R>-[(1 ,2-Dihydro-1 -methanesulfonyI&-f luorospiro[3H-indole-3,4 -piperidin]-1 -yl)carbonyl]-2-(phenyl- 
m6thyloxy)ethyl}-2-amlno-2-methylpropanamide; 

N41(S)-[(1.2-Dihydro-lHTiethanesulfonylspiro[3H-indole-3,4'-piperidin]-1'-yl)carbonyl]-2-(phenyl- 
methyithio)ethyl]-2-amino-2-methylpropanamide; 

N-1(RH(1.2-Dlhydro-lHnethanesutfonylspiro[3H-lndole-3,4'-piperidin]-1-yl) carbonyl]-3-phenylpropyl]- 

2-amino-2-methy)propanamlde; 

^1(RH('f>2-Dihydro-1>methane8utfonyispiro(3H-indde-3,4'-piperidln]-1 -yl)carbonyI]-3-cydoha^ 
2-amino-2-methylpropanamide; or 

N-[1(RH(1 .2-E){hydn>-lHT)6than68uH6nylspiro^ 1 '-yl)carbonyl]-4-phenytbutyQ-2-ambK>- 

2-methy1propanamide; 

N-{1(^H(1t2-Dlhydrt>-1^6thanesulfonylspiro[3H-indde-3.4'-piperidin>1-yO cart>onyl}-2-(S-fluoro-1H* 
lndo)-3^yt)ethy1]-2-amino-2-methytpropanamide 
N-(1(RH(1>Dihydro-1-mthanesulfbnyl5-fluorospiio^ 
1 H-indol-3-y1)ethyl]-2-amIno>2-methylpropanamide 

N«(1(RH(1 .2-Dihydro-1 -(2-ethoxycart>onyl)methylsulfonytspiro-[3H-indole-3,4 -piperidin]-1 •y1)carbonyl]- 
2-(1H-indol-3-yl)ethyl]-2-amlno-2-methylpropanamide 

N-(1(RH(1*2-Dihydro-1,1dloxosplro[3H-benzothiophene-3.4'-piperidln]-r-yl)carbonyl]-2-(phenyl- 
methytQxy}ethyl]>2-amino-2-methytpropanamide 
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and pharmaceuticalty acceptable salts thereof. 
The compounds of Claim 1 which are 




and where Ri. Rj. R3.. R^, R4. Re. A. B. D, E and F are as defined In aaim 1 . 

A process for the preparation of a compound of Claim 1 which comprises reacting a compound having a 
fonmula: 




with a compound having the formula 

HOOC.A.N<"^ HOOC-A-N<^^ 
"5 or L 

where Ri , R2. Raa. Rat. R4. Re. Re. A, B, D, E, F. G. H, I. J and n are as defined in Claim 1 and L is a protecting 
group which is subsequently removed if present and salts are fbrmed if desired. 



69 



10 



16 



25 



EP 0 615 977 A1 

9. A process for the preparation of a compound of Claim 1 which comprises reacting a compound having a 
fomiula: 





with a compound having the formula 



R2?60 R4 R2R6O R4 

R,-|-N-C-A-N-R5 OR Ri-j-N-C-A-N-L 



COOH COOH 

12 12a 

where Ri , Rz, Rsa* Rab> R4* Rs* Rei A. B, D, E, F. G. H, I, J and n are as defined in aaim 1 and L Is a protecting 
group which is 8ut>sequently removed if present and salts are formed if desired. 

30 10. The use of a compound of Claim 1 for the manufacture of a medicament for increasing levels of endoge- 
nous growth honmone in a huntan or an animal. 

11. A composition useful for increasing the endogenous production or release of growth hormone in a human 
or an animal which comprises an inert carrier and an effective amount of a compound of Claim 1 . 

^ 1 2. A composition useful for increasing the endogenous production or release of growth honmone in a human 
or an animal which comprises an Inert carrier and an effective amount of a compound of Claim i used in 
combination with other growth homnone secretagogues such as GHRP-6, GHRP-1 , GHRP-2, growth hor- 
mone releasing factor (GRF). one of its analogs or IGF-1 or IGF-2. 

^ 13. The use of a bisphosphonate compound in combination with a compound of Claim 1 for the manufacture 
of a nnedicament for the treatment of osteoporosis. 

14. The use as cleimed in Claim 13 wherein the bisphosphonate compound is alendronate. 

45 1 5. A composition for the treatment of osteoporosis which comprises an inert carrier, a bisphosphonate com- 
pound and a compound of Claim 1. 

16. The composition of Claim 15 where the bisphosphonate compound is alendronate. 

so 
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